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Although Programmable Logic Controllers (PLCs) have been successfully
used at municipal and industrial wastewater treatment plants (WWTPs),
the Army has not yet automated its WWTPs by using this relatively simple,
low-cost, available technology. PLCs are widely used in environmental
engineering facilities and in applications with control requirements similar
to water/wastewater operations to: (1) reduce manhours dedicated to
repetitive operational monitoring tasks, (2) ensure operational and equip-
ment safety, and (3) monitor and reduce facility chemical and energy ELECTE
costs.010

PLCs offer many benefits over competing microcomputer technologies:

1 . Off -the-shelf availability

2. Low-cost procurement, installation, and repair
3. Small physical size
4. Simplified programming and troubleshooting
5. Standalone or networked operation
6. Multiple sensor monitoring.

This report summarizes the concepts underlying PLC use in WWTPs, out-
iines successful applications of PLC technology in commercial WWTPs,
and details specific operations in military WWTPs that may benefit from
PLC implementation. Vendor and product information is also listed.
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USE OF PROGRAMMABLE LOGIC CONTROLLERS
TO AUTOMATE CONTROL AND MONITORING OF
U.S. ARMY WASTEWATER TREATMENT SYSTEMS

1 INTRODUCTION

Background

The U.S. Army Operator's Assistance Program Summary Report' indicates that Army wastewater
treatment plants (WWTPs) range from 0.003 million gallons per day (MGD) to 8 MGD (1 gal = 3.78 L),
an average size of approximately 1.0 million gallons per day. The Army currently operates more than 100
small WWTPs, of which 75 percent use trickling filters, 15 percent use an activated sludge process, and
10 percent are other types. Operation and maintenance of Army water and wastewater treatment plants
are further complicated by the limited funds available to these activities and by the shortage of skilled
operational personnel.

A recent U.S. Army Construction Engineering Research Laboratory (USACERL) report2 validated
the concept of applying sophisticated artificial intelligence (AI) programs at these water and wastewater
facilities, but did not recommend that these programs be immediately implemented. Use of these
advanced applications was considered premature since Army costs for software and related sensor
development of these Al systems would outweigh the apparent benefits.

It was determined that any future effort to automate Army environmental engineering systems
(including the control and monitoring of wastewater treatment operations) must meet the following criteria:

1. The system's actual control requirements

2. The system's requisite product quality constraints

3. The system's desired performance (i.e., cost-effectiveness, reliability, etc.)

4. The system's present requirements for the capabilities and qualifications of operators assigned
to these system,.

The control systems now used for environmental engineering process automation and monitoring
span a considerable range of electronic sophistication, from unintelligent electromechanical timers and
relay units to artificial intelligence packages. Both extremes are inappropriate for the control requirements
of most U.S. Army wastewater treatment operations (i.e., small-scale facilities at or below 2 to 4 MGD).
Electromechanical units are not sophisticated enough, and artificial intelligence/mainframe control systems
are simply too complex for these facilities.

Law Environmental, US. Army Operator's Assistance Program. Draft Summary Report (U.S. Army Engineering and Housing
Support Center [USAEHSCI, Fort Belvoir, VA. January 1989).

2 Byung J. Kim, John J. Bandy, K.K. Gidwani, and S.P. Shelton, Artificial Intelligence for U.S. Army Wastewater Treament Plant

Operation and Maintenance, Technical Report (TR) N-88/26/ADA200434 (U.S. Army Construction Engineering Research
Laboratory [USACERL], September 1988).
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Programmable logic controllers (PLCs) provide control capabilities better matched to the needs of
wastewater treatment operations by their middle range of sophistication and low cost. In addition,
programmable logic controllers have recently been successfully used at a number of small-scale, innovative
municipal and industrial wastewater treatment facilities, both in the continental U.S. (CONUS) and
overseas.

Although PLC technology and other automation technologies have been used successfully at
municipal and industrial WWTPs, the Army has not yet exploited opportunities to automate its WWTPs
by using these relatively simple, economically practical technologies.

To address this need. USACERL is involved in an ongoing project to explore the U.S. Army's
opportunities to use PLCs to improve the effectiveness of operation and maintenance of water and
wastewater systems, and to reduce manhours, chemicals, and energy costs by the integrating PLCs with
personal computer (PC) technologies.

Objective

This report summarizes current information on PLC technologies to provide a conceptual basis 'or
implementation of PLC technology in WWTPs maintained by the U.S. Army.

Scope

Actual installation and testing of automation technologies at Army WWTPs is beyond the scope
of this phase of work.

Approach

A literature review and market survey were conducted to assess the current state of PLC technology
and its applicability to wastewater treatment plants. The literature review included case studies of 17
wastewater treatment plants that currently use PLC technology (Chapter 7).

Mode of Technology Transfer

It is anticipated that applications derived from this research will be disseminated through workshops
and demonstrations developed through the U.S. Army Engineering and Housing Support Center
(USAEHSC), Fort Belvoir, VA.
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2 BACKGROUND OF WASTEWATER TREATMENT PLANT AUTOMATION
AND PROGRAMMABLE LOGIC CONTROLLERS

Automation of WWTP

Historically, the wastewater treatment industry has experienced mixed results from computer use.
At the beginning, computers seemed to offer only high-cost, complex solutions to WWTP operational
problems. Early journal articles were critical of computer applications for WWTPs.3

However, after nearly a decade of persistent development, computer control and management of
wastewater treatment systems have become a reality. Reliable computer systems perform well and cost
effectively, in conjunction with affiliated on-line instrumentation and analyzers.4 Man) WWTPs have
found that computer applications offer a diverse range of technical serviccs, from keeping off-line
administrative or maintenance records to real-time monitoring and control.

Many of these highly successful environmental facilities have experienced a problem commonly
associated with computer automation; a computer can generate far more data than a human operator can
immediately interpret.

One USACERL study reviewed several related operations and maintenance (O&M) software
applications for use at U.S. Army wastewater plants.5 However, none of these software applications
actually hardwired computers into associated wastewater plant processes. As such, they lacked both a
real-time understanding of actual performance status and an ability to effect true process control changes.

Most water and wastewater conveyance and treatment operators might accordingly claim that they
use cownput-- -without actually having any actual process control or automation. In fact, few computer
systems prcsently in usc tmuly interact with their affiliated processes or operations on a real-time basis.
Appropriate implementation of computer-based technology still remains an elusive goal. The wastewater
treatment industry ba. -xv-1red much effort to incorporate such hardware, with limited success. In
addition, the assc.,ate,' eaA ang process has been slow.

The majority of locations within the United States originally provided with real-time control
capabilities (e.g., mostly large-scale installations such as those at Atlanta, Washington, DC, Cleveland,
Detroit, and Indianapolis) were equipped with large, expensive, dedicated mainframe computer systems.
Unfortunately, these latter units have shown an erratic record of performance and reliability.

"High Tech Junk Litters Wastewater Landscape," Feature Editorial, Engineering News-Record, vol. 211, No.5 (1983), pp. 22-24;
J.M. Jutila. "Computers in Wastewater Treatment: Opporturitie Dcwn the Drain," Intech. vol. 26. No. 10. pp. 19-21; W.F.
Garber and J.J. Anderson, "From the Standpoint of an Operator - What Is Really Need,-A in the Automation of a Wastewater
Treatment Plant," Proceedings of the Fourth IAWPRC Instrumentation and Control of Water and Wastewater Treatment and
Transport Systems WorkbhWp, Houston, IX (Pergammon Press, Oxford, UK, 1985), pp. 429-442.
.3. Roffel and P.A. Chin. Computer Control in the Process Industries (Lewis Publishers, Chelsea. MI, 1987).
C.P. Poon et a;., Eaiuation of M;r-'omwu:r-Based Operation and Maintenance Management Systems .or Army
Water'Wastewater Plant Operathons. TR N-86/18/ADA171992 (USACERL. July 1986).
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Prcgrammable Logic Controllers

PLCs are designed for logic-based control of high-voltage equipment within a harsh industrial
environment. They are agile, powerful equipment controllers, in spite of their simplktic hardware and
programming capabilities. Simply stated, PLCs comprise a "blue-collar" technology (i.e., transistor-
transistor logic [TTL based mechanisms, with virtually no moving parts) within the hierarchy of computer
control systems.'

Although PLCs lack the artificial intelligence capabilities of computers, they are able to logically
evaluate a given control and/or monitoring situation and to make rational control decisions based on input
information. This capacity matches PLCs appropriately to each of the four control requirements of an
environmental engineering system.

PLCs have been extensively used in conjunction with a variety of industrial manufacturing
operations for several years and are widely employed in applications with control requirements similar to
water/wastewater operations. These applications include: substrate processing for food preparation,
pharmaceutical and paint production; and robotic manipulations associated with drilling, sampling, and
welding operations.

Lift/pump station,7 blower,8 digestor,9 solids recycling,'0 and ion exchange/filter" operations
have also recently realized considerable growth in the use of small PLCs for control of their involved
hardware. These applications largely stem from the mere economics of replacing standard electrical relay
banks with PLC output modules rather than from the programming capabilities of these units. In addition,
these PLCs are highly flexible, easier to troubleshoot, and generally more resistant to contamination and
corrosion than are electrical relay banks.

One significant area of PLC application has been in sequencing batch reactor (SBR) wastewater
treatment facilities. In the late '70s Congress developed its "Innovative and Alternative Technology
Program" to promote the development and application of new, cost-effective technologies within the
wastewater engineering field through financial incentives within its construction grants program. One such

E. Alleman et a.. "Programmable Controller Application to Innovative Wastewater Treatment Design," Journal of Civil
Engineering Design. Vol. 1 (1979). pp. 287-304; A.F. Gilbert and G. Belanger. "Logic Controls on a Pinball Machine,"
Engineering Education - ASEE (1986). pp. 223-225.
W.F. Garber and J.J. Anderson.
S. Takarai. S. Fukuya, and M. Ohta. 'The Supervisory Control and Data Acquisition System at the Toba Wastewater
Treatment Plant. Japan," Instrumentation and Control of Water and Wastewater Treatment and Transport Systems (Pergamimon
Press. 1985), pp. 679-682.
1. Cooper et al. "Programmable Control of High Rate Anaerobic Digestion." Pollution Engineering, vol. 34, No. 9 (1987),
pp. 52-54.

0 T. Norman et al., "Stan-Up and Interim Control of Houston's 69th Street Wastewater Complex," Proceedings of the Fourth
IAWPRC Insrunenwaton and Control of Water and Wastewater Treatment and TranTtoort Systems Workshot. Houston, IX
(Pergammon Press. 1985), pp. 359-365.
J.M. Ray et al.. "Denver's Potable Water Reuse Demonstration Project: Instrument and Control System." Proceedings of the
Fourth IA WPRC Instrumentation and Control of Water and Wastewater Treatment and Transport Systems Workshop, Hlouston,
TX (Pergammon Press. 1985). pp. 489-496.
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technology that has drawn considerable interest, and has used PLC control hardware, is that of the SBR
process. 1

2

During the early 1900's, the originally devised "fill-and-draw" strategy for wastewater processing
was dropped in favor of continuous-flow wastewater treatment systems, in large part due to the manual
effort associated with regulating intermittent systems. Discontinuous operation of the valves, blowers,
mixers, etc. in these intermittent systems was simply too difficult and tedious for human operators to
successfully manage on a routine basis.

Today's computer technology provides a timely solution for the automation needs associated with
these "resurrected" types of wastewater treatment strategies. 3 These control systems require only PLCs
instead of the larger, more expensive mainframe machines used in the earlier large-scale installations.

12 J.E. Atleman, M.W. Sweeney, and D.M. Kamber. "Automation of Batch Wastewater Treatment Systems Using Programmable
Logic Controllers." Proceedings of the Fourteenth Biennial Internation IAWPRC Conference (Brighton. UK, 1987), pp.
1271-1283; J.E. Alleman et al. (1979); J.E. Alleman and R.L. Irvine, 'Nitrification in the Sequencing Batch Reactor." Journal
of Water Pollution Control Federation, vol. 52 (1980). pp. 2747-2754; E.E. Halmos, '"Treating Sewage in One Tank," Civil
Engineering - ASCE, vol. 56. No. 4 (1986). pp. 64-67; P.A. Herzbrun. R.L. Irvine, and K.C. Malinowski. "Biological
Treatment of Hazardous Waste in Sequencing Batch Reactors," Journal of the Water Pollution Control Federation, vol. 57
(1985), pp. 1163-1167; M.G. Mand, "The Innovative Technology of Sequencing Batch Reactors," Pollution Engineering,
vol. 7, No. 7 (1985). pp. 26-28; A.S. Weber and M.R. Matsumoto. "Remediation of Contaminated Ground Water by
Intermittent Biological Treatment," Proceedings of the Ameriran Society of Civil Engineering, Environmental Engineering
Specialty Conference (1985). pp. 174-179; R.L. Irvine et al. "Municipal Application of Sequencing Batch Treatment." Journal
of the Water Pollution Controi Federation. vol. 55. (1983), pp. 484-488; R.L. Irvine and R.O. Richter. "Comparative
Evaluation of Sequencing Batch Reactors," Journal of the Environmental Engineering Division, American Society of Civil
Engineers (ASCE). vol. EE3. No. 104 (1978). pp. 503-.
J.E. Alleman. et al.. (1979); D.F. Bishop and W. Schuk. "Water and Wastewatei: Time To Automate?". Civil Engineering
-ASCE (1986). pp. 56-58; J. Erickson. "Getting Control of Industrial Wastewater Treatment," Pollution Engineering, vol.
18. No. 2 (1986), pp. 42-46; E.E. Halmos.
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3 POTENTIAL BENEFITS OF PROGRAMMABLE LOGIC CONTROLLERS

Positive PLC Attributes

Low-Cost Procurement and Installation

PLCs are far less expensive than advanced computer systems. At the low end of this technology,
PLCs can easily be purchased for less than $1000 Most PLC hardware will cost about the same as
personal computer equipment (i.e., about $2000 to $3000); some high-end equipment may range from
$5000 to $9000. Aside from initial capital cost, the inexpensive nature and modular arrangement of these
PLCs offers several advantages. Should a PLC become damagea or obsolete, it can be completely
replaced far more cheaply than a larger computer. Moreover, a complete set of PLC modules can be
inexpensively kept on hand as spare parts.

Cross-Over Technology

Programmable logic controllers presently have many industrial applications, including: vehicle
manufacturing lines, batch paint development and spray systems, pharmaceutical production lines, oil
refinery distillation towers, etc. The demonstrated success of these PLC applications establishes a
precedent for the use of PLCs in environmental engineering facilities.

Off-the-Shelf Hardware Availability

PLC units are commercially available from a wide variety of vendors, in sizes and configurations
commensurate with any foreseen need. At present, there is virtually no requirement for research on PLC
component hardware. Conversely, there are no present hardware limitations for the use of PLCs in
environmental engineering facilities.

Small Physical Size

Unlike mainframe computers whose size and environmental sensitivity warrant a dedicated room
and a heating, ventilation, and air conditioning (HVAC) system, PLCs are extremely small and can tolerate
harsh environments. Low-end "micro" PLCs can even be carried in a briefcase. Their size makes PLCs
convenient and less intimidating to work with than large computers. In addition, PLCs can be inserted
in control cabinets, distributed on-site, and possibly networked throughout a facility rather than being
located in one central main control room.

Small Memory Size

PLCs have smaller memory capacity than mainframe computers. This means that PLCs are less
sophisticated in computational power, but also that their smaller-sized programs are easier to follow and
troubleshoot, and easier for operators to comprehend than more complex computer-based software. While
mainframes must be monitored and maintained by computer-literate experts, PLCs require only a
rudimental understanding of a basic, straightforward programming language (i.e., relay ladder logic). Such
small programs are less intimidating, and their visual Boo!ean logic frequently is easily and quickly
learned.

12



Stand-Alone Operation

Individual PLCs can be used in singular, dedicated fashion to monitor and control specific tasks.
Should one PLC system fail, the loss would not disrupt the operation of a second PLC. By comparison,
mainframe computer control systems are seriously blinded by the loss of the central computer. This
weakness is generally resolved by installing two redundant mainframes, an extremely expensive
proposition.

Multiple Sensor Monitoring and Correlation

Unlike dedicated microprocessor controllers, which can usually accept only one form of input signal
voltage or amperage, PLCs can easily accept a diverse range of sensory inputs. Instruments can be
selected and installed with reasonable confidence that the PLC will be able to handle their data input.

Interface Opportunities

Should the need arise, the newest generation of programmable logic controllers can be electronically
linked into a control network that provides supervisory access to all coupled PLC units. This feature
allows standalone controllers to operate either independently or networked with a master controller that
monitors the discrete operation of the remaining PLCs. Such networks are designed for fault tolerance,
with independent control assumed by each PLC in case contact with the supervisory computer unit is lost.

Perceived Application Benefits

Relieve Human Operator Monitoring Commitments

Operations personnel assigned to environmental engineering systems are often responsible for routine
and tedious monitoring tasks. Monitoring a facility for proper function demands repetitive (and tedious)
operator attention to one or more performance indicators. Unfortunately, this problem can also be
seriously aggravated by the placement of inadequately educated or transient operational staff. Such
complications do occasionally arise within environmental engineering systems, including those maintained
by the military.

By contrast, PLCs do not degrade in their level of interest or diligence. Any number of
environmental parameters in a water or wastewater treatment plant, cooling tower, wet well, etc. can be
consistently monitored by a PLC at split-second intervals with constant attention to operational
abnormalities, upsets, or failure.

Ensure Operational and Equipment Safety

A properly implemented PLC system could complement the operational staff by routinely monitoring
a facility's equipment and performance for possible failure. Within a chlorination room, for instance, an
ambient atmospheric halogen monitor could trigger a PLC to warn of a leakage problem far in advance
of a possible life-threatening emergency. Most electrical equipment could be monitored both for electrical
demand (e.g., current draw) and operation (e.g., motor RPMs, etc.) to verify their actual status. Accidental
wastewater effluent discharges of harmful materials (e.g., extreme pH, zero dissolved oxygen [D.O.], high
solids, etc.) could be detected and reported.

13



Monitor and Reduce Facility Energy Costs

Presently, energy use does not represent a primary concern at most environmental engineering
facilities. At best, a facility superintendent may track a monthly kilowatt-hour use to monitor energy
demand, even though electrical demand for most operations may well exceed the labor costs by a
substantial margin.

With minimal expense, specific energy-intensive equipment or whole sections of an operation could
be retrofitted to provide a PLC with real-time information about the facility's electrical demand. This data
could be used to identify and perhaps to implement energy-saving opportunities. For example, the PLC
could "trend" and monitor peak electrical demand occurrences, resulting in a PLC-controlled shedding of
nonessential equipment to buffer these peaks. At the very least, the PLC might implement and supervise
intermittent equipment operation programs for items such as reactor mixers, aeration blowers, ad recycle
pumps, thereby reducing the facility's routine electrical demand.

14



4 FUNDAMENTAL PROGRAMMABLE LOGIC CONTROLLER CONCEPTS

Basic PLC Hardware

Contemporary PLC systems include four primary hardware components:

1. Central processor unit (CPU)
2. Input (I) modules
3. Output (0) modules
4. Program loader.

Figure I provides a general schematic of a typical PLC system.

The CPU represents the "brains" of the controller, and performs the logical determinations and
communications required for the PLCs overall operation. These processors are ranked by memory
capacity and ability to handle inputs and outputs. At the low end of the product line, several PLC vendors
distribute a "micro" system equipped with approximately 1000 words (1K) of memory, and a capacity to
handle a few dozen inputs and outputs. Successively larger PLC sizes (i.e., small, medium, and large)
provide correspondingly larger memories, eventually reaching the capacity of personal computers (e.g.
-128 to >256K).

ne Rack

Figure 1.Programmale LogicControllradweovvi.

Processor
I pus E OututsUnit
I )ut Ouputs(CPU)

Personal Computer
Loader

~Hand Held

Figure 1. Programmable Logic Controller hardware overview.
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The circuitry employed by a programmable logic controller's CPU is inherently dissimilar to that
which would be found in higher-level computers. Whereas personal computers employ integrated circuit
(IC) chips, PLCs employ TTL devices, which are somewhat less electronically advanced. However, the
current generation of PLCs commonly use 16-bit words and are, at least to the layman, roughly analogous
to most other computer hardware.

Input and output modules (I/O elements) send and receive signals for the PLC. Input and output
modules are typically built with from 4- to 16-point sizes per module. The newer PLCs have module sizes
of 8 to 16 points to improve module dr ity.

Input and output modules are designed to handle single voltage (AC or DC) forms and levels.
Output modules rated for 115 volts AC (VAC) may be used for direct operation of individual equipment
at loads as high as - 2 amp. In most PLCs, these outputs are fused to protect against -!-crical overloads.
Relay-type outputs, should they be necessary for applications such as power transfer, etc., can also be
obtained for control of contact closures.

All three of these components are then mounted on a backplane or rack, including one CPU and an
assortment of I/O modules. Additional racks containing only 1/O modules may be successively linked
together, as long as the primary rack contains a central processing unit able to handle the combined load.

The last item, known as a program loader, is often sold by PLC vendors as a dedicated, hand-held
device similar in appearance to a large calculator. These portable loaders are commonly used for field
troubleshooting of PLC operations, or for making small changes in program memory. Most such loaders
can be connected with small cassette recorders to both record and download actual PLC programs, thereby
avoiding a requirement for manual loading of long programs.

However, over the past few years, most PLC manufacturers have also begun marketing software to
interface PLCs with personal computers. This capability creates the need for a dedicated loader. For most
users already equipped with PC systems, this option further reduces the overall cost of using
programmable logic controllers and allows operators to gain a significant increase in their storage and
downloading capacity of optional PLC programs. Furthermore, these programs can be mailed to a PLC
user site and installed by the user.

These CPU systems may be equipped with internal battery backups that retain memory during power
outages. The NiCad batteries most often used can meet this need for several days of extended power loss,
and have an unused life of several years.

Finally, PLC units are normally encased within an industrially-hardened enclosure (i.e., rated as
NEMA4, NEMA12, etc.). The PLC requires protection against exposure to water.

Basic PLC Software

At present, most PLCs are programmed with relay ladder logic. Figure 2 depicts a simplified
section of code for this language.

The left and right side risers for this code are analogous to the sides of a ladder, and the connecting
lines equate to the ladder's rungs. The example shows five such rungs. The CPU starts its program
evaluation at the head (top) of this ladder and works its way downward through the ladder until reaching

16



the end. At this point, the CPU then jumps back to the head of the ladder and resumes its descent.
Although the length of the total program does affect the speed of passage, each trip is completed in a
microseconds interval.

In this example, the first rung establishes whether an input point has been activated. Should this
be the case (i.e., if IN001 is activated or 'hot'), the affiliated control relay (i.e., CR001) will be
correspondingly engaged within the CPU's memory. The CR001 contact then activates three successive
outputs (CR002, CR003, and CR004).

For the fifth rung, activation of the control relay (CR005) by IN001 initiates a latch (using CR005)
in parallel with the IN001 contact. Once IN001 has been disengaged, all control relays also disengage,
with the exception of CR005. Once its status has been fixed by IN001, this control rl"ay cannot be
changed. (It is "latched.")

Normally "Open"Contct

Control Relay

CRO01 CRO02

CROOI CRO03

CRO01 CRO04

INOOI CRO05 Latching Rung"

Figure 2. PLC ladder logic schematic.
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Beyond this simplified example, most PLCs offer a standard set of operational software functions,
normally including timers with intervals of either 0.1 s or 1 s (or perhaps both). PLC counters are
normally ascending and descending in form, and PLC memories are designed to handle register addressing
and storage, as afforded by the memory capacity of the CPU. These holding registers are commonly used
to store current timer or counter values, as well as data inherent to the operation of the user's intended
program.

Current PLC Vendors

A complete listing of programmable logic controller options and vendors can be found in
Cleaveland, and Ball and Robinson. 14 Cleaveland lists 70 vendors and each vendor's products to show
contemporary programmable logic controller hardware options. Ball and Robinson subdivide PLC models
by the four PLC size ranges. Appendix A includes examples of both references to show available
information. In spite of the diversity of vendors, the market appears to be dominated by a small group
of well-known firms.

1' K.E. Ball and C.V. Robinson. "Programmable Controllers: Alive and Well," Programmable Controls, vol. 8, No. 1 (1989),
pp. 24-60; P. Cleaveland, "PLCs Take on New Challenge," I & CS, vol. 62 (1989), pp. 29-38.
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5 ADVANCED PROGRAMMABLE LOGIC CONTROLLER CONCEPTS

Advanced PLC Hqrdware

Alphanumeric Displays

The use uf .pianumeric displays can significantly improve an operator's understanding of the
current operating status of a PLC system. Several such displays are commercially available, including
both devices sold by PLC manufacturers and by secondary market vendors. These displays may or may
not be equipped with internal memories.

Displays lacking on-board memory operate solely as slave message displays whose messages must
be constructed and sent from the PLC. These types of alphanumeric displays typically cost about $400
and are designed to receive either of these standardized transmitting formats. For example, Cherry Inc."
markets a low-cost (-$350), self-powered (115 VAC) display that handles its own RS-232, RS-422, etc.,
formats. Rather obviously, the connected PLC must be able to prepare and transmit this sort of signal
string to "speak" with the display (NOTE: see following discussion of advanced PLC software options).

The second type of alphanumeric display, which includes on-board memory, can store and display
its own messages. These messages must be prepared in advance and their display is triggered simply by
some form of contact closure input to the device actuated by the PLC. This approach relieves the PLC
from creating and transmitting the message, and may sizably reduce the commitment of PLC memory to
this task. However, these types of displays are inherently less flexible in their message generation
capabilities than displays that merely create and transmit messages.

A number of prospective vendors for these types of PLC alphanumeric displays are given in
Appendices B, C, and D.

Graphics and Alphanumerics Displays

The combined use of graphics and alphanumeric displays enhances the visual information transferred
by PLC equipment. While alphanumeric displays are becoming a standard feature for PLC systems,
graphics capabilities are still an uncommon PLC feature for several reasons. First, graphics are an
expensive addition. Second, the generation and display of graphics requires more computational power
than most PLCs can provide. Only the high-end, high-memory PLCs can presently meet this need.
Graphics displays will probably not be used with PLCs for several more years. However, several vendors
do sell these products (Appendices C and D).

In the meantime, PLC users can mimic graphics displays on RS-232/RS-422 alphanumeric systems
through bar diagram patterns. Bar diagrams can be easily generated by a PLC and transmitted in
alphanumeric patterns. Westinghouse PLC units are now distributed with user's manuals that explain how
to achieve these low-cost "graphics" displays.

, Cherry Electrical Products, Waukegan. IL 60087 (708/360-3500).
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Data/Register Entry Modules

Perhaps the most common interaction between an operator and a PLC would be to transfer register
data. For example, an operator might wish to know the current running time for a given motor, and would
query the PLC to obtain the register value for this variable.

This information would normally be obtained either from a program loader or interconnected
personal computer (see "Dumb" Interface Personal Computers, and Intelligent Supervisory Personal
Computers in this chapter). These same devices are used for both programming and monitoring purposes.
It is possible for an operator to reprogram a PLC while trying to read current register values.

For this reason, and to simplify operator access to PLC register daLa, most vendors sell a data-entry
module that interconnects directly with their PLC. These modules allow the operator to select and read
the current value for any given PLC register, and also to change the value of this register if they desire.
The authority to change register settings is usually limited by a requirement to change a keyswitch setting
of the data entry module. Any operator possessing this key should be properly trained in the importance
of this action.

An overview of data entry modulefinterface/workstation options is provided in Appendix D. These
moauies ate normally mounted on an operator control panel (often the face of the PLC enclosure), and
may use either thumbwheel or tactile membrane data inputs. Their cost varies with sophistication, and
ranges from -$200 to $1000s.

Combined Alphanumeric Displays and Data Entry Modules

Modules that combine alphanumeric displays with data entry modules are relatively recent additions
to the PLC marketplace, and are designed to interactively combine the relative advantages of each
individual component. At present, they are rather expensive, but their price should fall in the immediate
future. Appendixes C and D provide a short list of potential vendors.

Analog to Digital (AID) Converters

Prior to the computer era, electronic signals generated by instrumentation were typically documented
on strip chart recorders. These recorders converted an analog electronic signal into the physical movement
of a pen across a chart.

By comparison, computers and PLCs are designed to "think" in terms of digital values. Hence, an
instruments analog signal must be digitized to be read by the monitoring computer/PLC. Analog to digital
(A/D) converter modules marketed by PLC manufacturers handle this conversion, and are individually
designed to handle one of the standard analog formats (e.g., 4 -> 20 ma, 0 -> 5 VDC, etc.). These
modules inherently represent an alternative input scheme for the PLC, and are mounted on the same
backplane as the remaining I/O and CPU.

The sensitivity of these A/D modules depends on their digital "word" size, commonly with
bit-values of 8, 12, or 16. Word size and sensitivity are synonymous. Eight-bit A/D units can resolve
an input analog signal into 256 (28) segments, and are the cheapest A/D converters; 12-bit units offer an
intermediate resolution, at 4096 (212) segments; and 16 bit A/D systems offer a much higher resolution.
at 1 in 65,536 (216) segments, but are much more expensive.
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A/D convener modules may range in price from -$200 to $600, and are purchased directly from
each PLC vendor. For PLC systems designed to monitor and evaluate incoming analog instrumentation
data, their use is mandatory.

Digital to Analog (DIA) Converters

D/A modules are opposites to the previously discussed A/D converters. D/A modules generate an
"analog" output (e.g., 4 -> 20 ma, 0 -> 5 VDC, etc.) in response to a digital parameter set within the PLC.
D/A converters are most useful for controlling DC motors and pumps whose speed is determined by the
PLC's analog output. Again, D/A modules are purchased directly from each PLC vendor.

"Dumb" Interface Personal Computers

As mentioned earlier, most PLC devices can now be linked with a personal computer with a
software connection. This linkage provides an operator with several improvements in PLC programming
and monitoring Firv"t, ,ersonal computers are faster than most vendor-marketed program loaders. Second,
the PC allows an operator to record programs on either a floppy disk or hard drive. This provides a
backup program security and accelerates the portability and downloading of old or new programs. Since
this PLC - PC link does not fully use the computational power of the personal computer, the term "dumb"
interface is used.

Appendix B summarizes PLC manufacturers that sell their own line of software and secondary
vendors that offer competing systems.

"Intelligent" Supervisory Personal Computers

The use of "intelligent" supervisory personal computers represents a logical extension to the linkage
of personal computers and programmable logic controllers. Each such device has its inherent advantages.
PLCs are designed for control of industrial equipment; PCs are designee for computational power. Rather
than using the PC as merely a "dumb" program loader and monitor for the PLC, an "intelligent" personal
computer would be able to control, monitor, and diagnose an operation by synergistically coupling the
relative capabilities of both PC and PLC.

This "intelligent" PLC/PC interaction depends on the use of advanced software packages discussed
in the following section.

Advanced PLC Software

Advanced Internal PLC Software Functions

The "relay ladder logic" programming language provided by the PLC manufacturer generally
contains two levels of sophistication. At the low end, the programming language offers basic capabilities
like those of timers, counters, and register moves.

However, as the memory size of a PLC increases, the programming language becomes
correspondingly more advanced. For all but the simplest PLCs, these advancements offer a significant
increase in programming power and flexibility.
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The first advanced function is generally a math function set. This function normally provides
internal PLC addition, subtraction, multiplication, and square root calculations.

Several advanced register functions might also be included, many of which address the register
words as both single entities and individual bits. At the single-bit level, these functions include: bit set,
bit shift, bit move, bit masking, bit reversal, and bit pick. For full word groups, the advanced functions
may provide: word move, table move (for larger word blocks), word sort, and word shuffling.

Some PLCs can generate and transmit ASCII messages. Finally, some PLCs include a drum control
feature, which sequences successive memory words through a step- or batch-wise shift. This latter feature
has many similarities to the instructional drum used by a player piano, in which the notes called by the
piano's drum are like control instructions to the PLC. In general, these advanced internal PLC functions
greatly enhance the power and flexibility of the PLC control language.

Advanced External PLC/PC Software

Two forms of advanced external PLC software may be obtained. The first is usually obtained from
the PLC manufacturer and is used solely to facilitate the use of an interconnected personal computer as
a "dumb" program loader and monitor. This software is usually moderate in price, ranging from gratis
contributions by the PLC vendor to a few hundred dollars. (Appendix B)

The second type of advanced external software may also be bought from most of the PLC manu-
facturers, or from a secondary vendor. This software also links PLCs with PCs, but is designed to exploit
the power of the personal computer for data analysis and presentation. Inexpensive varieties of this
software will directly import PLC data into PC spreadsheet software, such as Lotus 1-2-3®, or will
provide rudimental graphical data displays on the PC screen. More expensive software packages will
provide a complex real-time interface complete with plant control documentation, histographs, alarm
annunciators, and diagnostic guidance. (Appendix B)

As an intermediate option, PLC m.,nufacturers and secondary vendors now offer a set of interface
"drivers" which allow callable routines (i.e., using BASIC language) from the personal computer to
directly access the PLCs central processor and memory. This type of software, pnced in the range of
-$200 to $400, probably offers the most flexibility and value for the application opportunities being
addressed by this report. Rather than being constrained by the programming features inherent to
"off-the-shelf" software, these intermediate drivers allow a design engineer to tailor a given PLC/PC
system to a given process or operation. Vendor information is given in Appendix B.

Advanced PLC Networking

For large-scale PLC applications, the need may arise to link individual PLCs into a network to share
data sets and control algorithms. The latest generation of PLCs (e.g., the Westinghouse PC-1200 series)
offers this capability as a basic feature.

The next step beyond linking individual PLCs is to add a supervisory controller to a PLC network.
One secondary vendor (i.e., METRA; see Appendix D) employs specialized personal computer hardware
and software to provide real-time networking of distributed PLCs. This type of control system has been
installed at a recently renovated 50 MGD wastewater treatment facility (see review in Chapter 7, Location
14, p 31).
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6 INSTRUMENTATION INPUTS FOR PROGRAMMABLE LOGIC
CONTROLLER SYSTEMS

General Overview of Instrumentation Technology

On-line instrumentation will unquestionably play a major role in the successful use of automated
process monitoring and control. These instruments are the "eyes and ears" of the system. They provide
important real-time sensory inputs to their associated controller.

This chapter presents the state-of-the-art in on-line instrumentation. These instruments play a vital
role in providing an automated system such as PLCs with real-time sensory information about the status
of the controlled process. The value of this data critically depends on routine maintenance and calibration
of the sensors; the machine is highly dependent upon human cooperation for assistance.

During early attempts at computer automation, failures commonly encountered with this innovative
technology could as much be blamed on the instruments themselves as on the computers. The two tech-
nologies were simultaneously struggling through two distinctly different and yet intertwining learning
curves, jointly compounding the difficulty of melding their applications. The success of early on-line
instrumentation in the environmental field was compromised. Many of these sensors are technically
complex and require much manual attention to maintain over long periods of time. The instrumentation
is exposed to a harsh environment, thereby reducing the effective lifetime of the calibrated device.

Over the past decade, on-line instrumentation has become significantly more reliable and robust.
Several broad technical reviews of the instrumentation commonly used within environmental engineering
systems state that, while progress has yet to be made in several analytical areas, several gencric
instrumentation groups can now be used with reasonable confidence.' 6

For PLC systems, these sensors are assumed to be connected to a dedicated meter, which
subsequently relays an electrical signal to the PLC. For example, a dissolved oxygen probe would first
be connected to a dissolved oxygen meter, this meter would then forward an analog or digital output
signal to the PLC.

Such an approach provides several benefits. First, field calibration of the sensor can be simplified
if the technician has direct access to a dedicated meter and signal readout. Second, the PLC system need
only handle the A/D conversion of standardized output signals generated by the sensor's meter. Should
these metc-r not be used, the PLC would have to directly link to the sensor and deal with an assortment

SA.S. Bonnick and J.M. Sidwick. "Instrumentation, Control and Automation - The Choices," Water Science and Technology.
vol. 13 (1981). pp. 35-40 A.W. Manning and D.M. Dobs. Design Handbook for Automation of Activated Sludge Wastewater
Treatment Plants, EPA 600/8-80-028 (U.S. Environmental Protection Agency [USEPA]. Cincinnati. OH, 1980); R.C.
Manross, Wastewater Treatment Plant Instrumentation Handbook, EPA 68-03-3120 (USEPA. 1985); A.J Molvar et al.,
Instrumentation and Automation Experiences in Wastewater Treatment Facilities, EPA 600/2-76-298 (USEPA. 1976); J.P
Stephenson, "Instrumentation for Wastewater Treatment." Unpublished paper presented at the Canadian Society of Civil
Engineers Workshop on Computer Control of Wastewater Treatment Plants (McGill University. Montreal. Quebec. 8 May
1986); J.P. Stephenson and S.G. Nutt. "On-Line Instrunentation and Microprocessor-Based Audit of Activated Sludge
System." Proceedings of the ISA-87 International Conference and Exhibit (Anaheim, CA, 4-8 October 1987).

23



of electrical requirements (e.g., amplification, etc.). Finally, the operators themselves would have these
meters as a visual reference on-site and would not have to return to a control station to check with the
PLC.

Specific Instrumentation Considerations

In general, the current inventory of instrumentation options may be grouped into four levels, by
reliability:

1. Can oe used with reasonable reliability
2. Reliability will liKely require frequent maintenance
3. Presently not reliable, but technology is improving
4. Not presently recommended.

The following discussion categorizes each generic sensor group by the four instrumentation levels,
to indicate the perceived confidence which might be placed in their near-term use. It should be understood
that several vendors may be available for a single group of instrumentation, and that the performance of
one vendor's instrument may differ from another's. Complementary technical, installation, and
maintenance information regarding these instruments has also been provided in Appendix D.

Level #1 Instrumentation

Dissolved Oxygen

Reliable measurement of D.O. levels in water and wastewater streams and reactors can be
successfully achieved as long as the D.O. probe is properly maintained with suitable cleaning and
calibration.

pH

On-line measurement of pH can be reliably performed, as long as routine maintenance and
calibration are provided for the probe.

Turbidiy

Turbidimetric analysis of fluids using flow-through cells is becoming a commonplace procedure
among larger water and wastewater treatment facilities. Biological (biofilm growth), physical (scratching),
or chemical (scaling) alteration of the instrument's optical surface(s) will probably represent major
long-term problems, and can be corrected with routine cleaning or cell replacement.

Flow

Ultrasonic and magnetic flow meters have been successfully used in many water and wastewater
treatment facilities. Although maintenance requirements are minimal, frequent calibration may be difficult.
In some ultrasonic flow meter applications, and particularly those involving clean water streams, sensor
accuracy may also be questionable due to a lack of reflective bubbles or solids.
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Temperature

Temperature measurement is quite advanced and can be reliably employed with little risk. Problems
are infrequent, but may be associated with insulative fouling of the sensor, causing reduced response times.

Liquid Level

Several types (i.e., resistive, bubbler, ultrasonic, etc.) of dependable liquid level sensors can be
obtained in the current marketplace. Scum and foam formation may pose a problem with certain types
of these devices.

Hydrogen Sulfide

Hydrogen Sulfide (H2S) analysis is quite successful and commonly used today, particularly in solids
handling facilities in wastewater treatment operations.

Level #2 Instrumentation

Residual Chlorine

On-line analysis of residual halogen levels in clean (i.e., potable or wastewater effluent) streams has
become a fairly reliable procedure. However, these devices require frequent maintenance and
replenishment of their chemical solution reservoirs.

Sludge Blanket

Several types (i.e., based on acoustical, optical, electrical, etc., principles) of solids interface sensors
have recently been developed and marketed. For the most part, though, these devices exhibited marginal
to less-than-satisfactory performance. Field testing of a newly marketed unit by Royce at Indianapolis,
IN this past summer did, however, successfully demonstrate long-term utility.

Oxygen Reduction Potential

On-line measurement of a system's oxidation-reduction potential (ORP) may provide valuable
information about a system's status. However, the platinum electrodes used tb acquire this potential are
subject to surface fouling and subsequent degrading of the sensor's accuracy. Future refinements in
cleaning and on-line calibration of ORP probes will be necessary.

Conductivity

Conductivity cells are presently available t)ut are not commonly used with water or wastewater
treatment systems. Problems encountered with long-term sensor reliability are primarily related fouling
of the electrodes; temperature sensitivity is also a concem.

Level #3 Instrumentation

Ammonia

On-line measurement of ammonia has been available for several years. However, the employed ion-
selective probe and affiliated chemical dosing and sample filtration hardware are mechanically complex
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and difficult to maintain over extended periods. The most likely application of this instrumentation group
will be to clean wastewater effluents that require minimal pretreatment (solids removal).

Level #4 Instrumentation

Suspended Solids

Optical-based devices for measurement of suspended solids are presently available. However, most
instrumentation surveys suggest that these units have questionable reliability.

Organic Carbon

Relatively few vendors presently offer instruments for on-line measurement of total organic carbon.
Furthermore, none of these units have received favorable ratings in the previously cited instrumentation
reviews.

Supplementary Electrical Instrumentation

In addition to the mentioned groups of environmental sensors, PLC controllers can also be coupled
with a diverse array of electrical sensors designed to monitor or control electrical energy demand and
mctor performance. These devices would include: motor starters, current sensors, horsepower sensors,
proximity sensors, and vibration sensors. All of these devices tend to be considerably more reliable than
the previously discussed environmental sensors, and should be considerably more dependable over their
lifetime.

With the exception of the motor starters, all of these instruments are moderate in cost (typically in
the range of -$100 -> $400) and simple to install.

With nominal effort and expense, therefore, a PLC system could be equipped to monitor the
electrical demand of key operations within a facility. For example, clarifier rake assemblies could be
routinely checked both for rotation speed (tracking the elapsed time of a recurring proximity sensor signal
into the PLC) and current demand by the rake motor.

26



7 REPRESENTATIVE PROGRAMMABLE LOGIC CONTROLLER APPLICATIONS

Over the past decade, many environmental engineering facilities around the United States have
begun using PLCs for partial or full automation purposes. These plants evolved through a progressive
advancement of their process control mechanisms and hardware. The earliest plants to experiment with
automation technology typically started with electromechanical or microprocessor systems, and eventually
switched to the use of PLCs.

Several of these PLC-equipped plants were designed and operated as SBRs. The automated control
capabilities required for these full-scale, innovative wastewater treatment systems depart significantly from
a conventional facility's reliance on human oversight and control. While most plants are maintained as
continuous-flow processes, an SBR operates in discontinuous fashion. In turn, the dynamic nature of the
SBR considerably escalates the required control effort. PLCs offer an ideal solution to the control
requirements imposed by these sequencing batch reactors.

The following synopses provide an overview of the evolution of these PLC systems and their control
and instrumentation hardware:

Location 1: Culver, IN"
Date: 1978
Application: 2 MGD Wastewater Treatment Facility Automation

This municipal wastewater treatment system was originally constructed in the late 1950s as a
continuous-ilow activated sludge process. However, an experimental renovation was undertaken in 1977,
when its biological processing strategy was switched to an SBR scheme. This facility's two aeration tanks
were fitted with jet aerators, pneumatic inlet valves, and a floating decant apparatus to complete this
change.

A prototype microprocessor system was then installed to provide control over the plant's equipment
sequencing. This microprocessor generally provided adequate automation of the Culver SBR process;
however, it was not rated for industrial exposure (i.e., dust, humidity, etc.) and exhibited random
malfunctions. After 2 years, therefore, this system was replaced by a small Texas Instruments (TI)
programmable logic controller designed specifically for batch processing control.

This plant is still being run in the SBR mode, and the same TI PLC system handles all phasing of
the plant's equipment In relative terms, the control package now used at Culver is a "first-generation"
system. Instrumentation monitored with this PLC is limited to liquid level in the tanks.

Location 2: SECOS International Inc., NY"
Date: 1980
Application: 3 MGD Wastewater Treatment Facility Automation

This SBR system probably represents the first system originally designed to incorporate a dedicated
TI programmable controller for routine process control of a sequencing batch reactor activated sludge

R.L. Ihvine et al. (1983).
" A.S. Weber. Personal communication with J.E. Alleman (West Lafayette, IN, August 1989).
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facility. This plant is presently used in conjunction with an industrial "treatment, storage, disposal"
facility. The employed PLC maintains total control of the plant's two reactor vessels and related
equipment, including on-line monitoring and control of system pH and D.O.

Location 3: Rockford, IL 9

Date: 1981
Application: 0.5 MGD Wastewater Treatment Facility Automation

This SBR system was experimentally installed at the Rockford municipal facility by Aqua-Aerobic
Systems Inc. (Location 3)? as a retrofit of an existing continuous-flow reactor. This operation is also
controlled by a Siemens programmable controller, although here again the employed logic solely covers
equipment operation (i.e., on-off cycling) according to a desired phasing sequence.

Location 4: Grundy Center IA2

Date: 1982
Application: 1 MGD Wastewater Treatment Facility Automation

The Grundy Center SBR system uses a TI programmable controller for automation of its sequential
equipment operation in a fashion comparable to that employed at Culver (Location 1), SECOS
International (Location 2), and Rockford (Location 3). Once again, the programmable logic controller
provides routine equipment control with only a nominal degree of human oversight.

Location 5: Kansas City, MO'
Date: 1983
Application: 5 MGD Wastewater Treatment Facility Automation

The TI programmable controller used ir conjunction with the Kansas City SBR facility included one
distinct improvement over the previously mentioned systems. A modem option was included with this
controller to facilitate remote connections via telephone to the controller, to monitor equipment on-off
status. The Kansas City PLC facility extends beyond the sophistication of the earlier plants (e.g., Culver
[Location 1], Rockford [Location 21, Grundy Center [Location 4]) to represent a "second-generation"
system.

Location 6: Poolesville MD2
Date: 1985
Application: I MGD Wastewater Treatment Facility Automation

A Westinghouse programmable controller installed at this -IMGD facility comprised a significant
advancement in the state-of-the-art for SBR control and, for that matter, the overall technology of auto-
mated wastewater processing. This PLC not only controlled all of the equipment in the plant (i.e., more
than 50 equipment items, including pumps, blowers, valves, filters, ultraviolet disinfection vessels, etc.)
but also routinely tracked their operational status. In the event of equipment failure, the controller's logic

W.M. Shubert, SBR: Sequencing Batch Reactor, Unpublished Corporate Report (Aqua-Aerobics Inc., Rockford, IL 1986).
Aqua-Aerobics Systems, Inc., 6306-T N. Alpine Road. PO Box 2026, Rockford, IL 61130 (815) 654-2501.

21 R.L. Irvine et al. "Analysis of Full-Scale SBR Operation at Grundy Center, IA," Journal of the Water Pollution Control

Federation, vol. 55 (1987), pp. 132-138.
n K. Norcross, Personal communication with .E. Alleman (West Lafayette. IN, 1989).
' Alleman et al. (1979).
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routine was able to either activate backup equipment or to disable isolated segments of the plant to
accommodate this failure. This ability to handle irregular facility operation also extended to power
outages, in which case the controller was able to restart the plant in a staggered fashion to ease the peak
electrical demand during equipment startups. These types of upsets (i.e., equipment failures or power
outages) also triggered a series of audible and alphanumeric visual alarms built into the PLC, including
the initiation of telephone calls to remote operations personnel to alert them of the occurrence. The
controller's modem connection also facilitated remote phone connections with the system in a fashion
comparable to that mentioned for the Kansas City system (Location 5), although in this case the remote
hookup could be used not only to monitor the status of the plant and its equipment, but also to make
actual changes in the operation of the plant. Finally, this facility's control system was the first to use a
personal computer, albeit for the trivial (dumb PC) purpose of uploading the programmable controller's
memory and monitoring the PLC's data registers.

Location 7: Horn Point, MD
Date: 1988
Application: 0.3 MGD Wastewater Treatment Facility Automation

The Horn Point SBR facility, installed near Cambridge, Maryland, has PLC-control capabilities
comparable to those of the Poolesville system (Location 6). Both such controllers are "third-generation"
systems for automated wastewater processing, given their semi-intelligent capabilities for operational
diagnostics and corrective process modification. Here again, the plant's on-line instrumentation is limited
to level measurement within each of its four activated sludge reactors.

Location 8: Indianapolis, IN s

Date: 1985
Application: 200 MGD Wastewater Treatment Facility Automation

Indianapolis' two sister wastewater treatment facilities (each operating at -100 MGD) employ many
PLC systems within their plants. At one plant, a TI PLC was installed to control effluent pumping of their
polished discharge into the receiving water body. PLCs are also used extensively for sludge conditioning,
dewatering, and incineration. One such PLC controls the dissolved air flotation system, and each of their
belt filter presses are individually controlled by General Electric (GE) micro-PLCs. Another set of GE
micro-PLCs control the headworks operations (i.e., screw lift pumping and grit chambers) at each plant.
Plans are now being formulated to use PLCs for control of their sludge incinerators.

Location 9: Elkhart, IN'
Date: 1987
Application: High-Rate Industrial Anaerobic Digestor Control

Four TI PLCs are being used by Miles Laboratories Inc. for real-time control of their industrial
pretreatment system. This innovative biological treatment process annually generates enough by-product
gas from their high-strength waste stream to heat 60,000 average size homes, resulting in as much as a
10 percent reduction in the natural gas demand for this production facility. Interestingly, Miles

24 J.E. Afleman. M.W. Sweeney, and D.M. Kamber (1987).

"' A.J. Callier, A Primer for Computerized Wastewater Application, MOP #SM-5 (Water Pollution Control Federation.
Alexandria, VA. 1986).

a Cooper (1987).
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Laboratories Inc. has over 100 similar TI model 550 PLCs in use 'throughout their Elkhart, IN plant for
pharmaceutical manufacturing.

Location 10: Deer Park, TX27

Date: 1988
Application: Incinerator Monitoring and Emergency Shutdown

This conceptual proposal for PLC use was developed in anticipation of its application with
hazardous waste incinerator operations. The PLC would conceivably be used to control and monitor all
of the incinerator valves, blowers, feed lines, and sensors, and maintain optimal operation of the
incinerator on the basis of real-time monitoring of the off-gas quality (i.e., 02, CO, etc.).

Location 11: Siesta Key, FL2

Date: 1989
Application: Water Supply and Treatment Monitoring

Modicon Micro 84 PLCs have been installed to monitor the flow (using ultrasonic flow analyzers)
and pressure (strain-gauge type) at various points along a potable water supply route in Sarasota County,
Florida. These PLCs do not have a direct control responsibility, but are used as intermediate data feeds
into a larger supervisory computer, which in turn controls the actual operation of the upstream water
treatment facility.

Location 12: Moorehead, MN2

Date: 1983
Application: 6 MGD Wastewater Treatment Facility Automation

This high-purity activated sludge treatment was equipped with four programmable logic controllers.
These PLCs provide automated control and monitoring of the following plant components: remote
pumping station, flow equalization, primary treatment, activated sludge aeration, ozonation, and sludge
thickening and digestion. The plant is staffed only during the week (0830 AM until 1630 PM). During
weekends and holidays, the PLCs operate the plant solely. Should upset events occur, the PLC initiates
telephone alarms to designated personnel to correct the problem. Among the advanced instrumentation
placed in this plant, problems were noted in the sludge blanket and ozone monitors.

Location 13: Colorado Springs, CO 3'
Date: 1988
Application: 70 MGD Water Supply and Treatment Automation

The Colorado Springs water system encompasses a vast and complex matrix of reservoirs, pumps,
transfer conduits, booster stations, hydroelectric generators, and well fields. Recently, five existing and
two new water treatment plants were equipped with an extensive array of automation equipment and
sensors, including numerous PLCs. These PLCs serve as redundant distributed controllers, which in turn
are networked into a variety of personal and minicomputers.

r D.G. Wene, "Using PLC To Test Incinerator Emergency Shutdown." Pollution Engineering, vol. 36, No. 8 (1988), pp.
116-118.

" R. Taylor, "Micros Plus Telemetry Track Water System," Programmable Controls, vol. 8, No. 5 (1989), pp. 109.
n Garber and Anderson (1985).
e E.W. Von Sacken. and T.M. Brueck. Integration of Control and Information Systems Provides Effective Water Management

Tools for Colorado Springs, Unpublished Corporate Report (EMA Services, Inc., 1988).
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Location 14: Fort Wayne, IN3

Date: 1989
Application: 50 MGD Activated Sludge Process Automation

The facility at Fort Wayne, IN has recently undergone extensive renovation, and has been provided
with networked SQUARE-D PLCs for real-time process automation. By most standards, this PLC
application is rather large, with approximately 2000 total inputs and outputs. Considerable effort has been
made to make the overall control package as robust as possible, including the use of fiber optic data
transfer and radio telemetry to avoid electrical interference. These PLCs are networked into a proprietary
METRA "data concentrator" using a SYMAX interface board. The METRA system uses a DOS-based
industrially hardened machine that provides extensive control and data manipulation services (i.e.,
graphical depiction, records maintenance, report generation, etc.).

Location 15: Moline, IL 32

Date: 1984
Application: 9 MGD Grit Chamber and Pump Control

In conjunction with an expansion of this plant from 5 to 9 MGD, PLCs were installed for control
of both the grit cl.-mber operations and raw wastewater pumping. Alternate combinations of four constant
speed raw wastewater pumps were controlled to accommodate variable influent flows. PLC operation of
the grit chamber includes real-time control of the collector mechanism, grit washer, water seal pump, grit
conveyor, and grit pumps.

Location 16: Portland, OR33

Date: 1984
Application: 200 MGD Solids Handling, Digestor, and Aeration Control

At the Portland plant, one set of PLCs are used for routine operation of the belt filter presses and
anaerobic digestors. The PLC used for aeration control was installed to achieve energy savings through
intermittent use of the centrifugal blowers. These PLCs are connected to touch-sensitive CRT displays
which provide the operations personnel with a direct interface into their current control status and
algorithms.

Location 17: Houston, TX3

Date: 1983
Application: 100 MGD Pure-Oxygen Activated Sludge Process Control

This system may well represent the most advanced programmable logic controller application used
to date in the field of wastewater treatment. The employed PLC system controls the flow of cryogenically
generated pure oxygen gas into their activated sludge systems. Extensive instrumentation has been added
to the control loop, including: oxygen line pressure, oxygen line temperature, differential oxygen flow,
head space pressure, and head space oxygen purity. Based on its diagnosis of this real-time data, the PLC
then regulates the head-space vent valve and the oxygen inlet valve to achieve a desired dissolution of
oxygen into the mixed liquor.

J. Springer, Information Systems Tied to Real-Time Plant Control Systems Provide Added Benefits, Unpublished Corporate
Report (EMA Services, Inc., St. Paul MN, 1989).

32 Callier (1986).
" Callier (1986).

Norman (1985).
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8 PROSPECTIVE MILITARY PROGRAMMABLE LOGIC CONTROLLER APPLICATIONS

Overview

There appear to be several opportunities for PLC use within military environmental engineering
facilities using off-the-shelf technologies. Tables I and 2 contain a representative assortment of topic
areas to which PLC systems could be applied in dedicated fashion, divided respectively between "water"
and "wastewater" systems:

Table 1

Water Treatment and Conditioning Systems

Reservoir monitoring Filter backwash
and control Effluent fluoridation

Prechlorination Effluent chlorination
Chemical feed Effluent ozonation
Reverse osmosis Product distribution
Ion exchange Cooling water blowdown
Filter operation

Table 2

Wastewater Treatment Systems

Interceptor storage Effluent ozonation
Plant lift stations Gravity sludge thickening
Flow equalization Sludge dissolved air flotation thickening
Hydraulic flow control Anaerobic sludge digestion
Bar screening Sludge vacuum filtration
Grit removal Sludge centrifugation
Primary clarification Belt filter press sludge dewatering
Dissolved oxygen control Plate and frame sludge dewatering
Cryogenic oxygen generation Sludge cake incineration
Return activated sludge control Return liquor feedback
Waste activated sludge control Chemical feed
Post-chlorination

Basic PLC System Development

This section gives several possible examples of PLC use. Each example is designed to demonstrate
a simple control or monitoring application that would benefit operations personnel.

A basic PLC system that would accommodate these example applications would need sufficient
memory size and I/O capability to interchangeably handle most envisioned control needs.

32



Basic PLC Hardware:

CPU: Westinghouse Numa-Logic PLC-1200-1020 (2K total memory; Special function set
included)

Inputs: Two input modules (8 points per module); One eight-bit A/D module (with external DC
power supply)

Outputs: Two output modules, at 8 points per module

Software: Westinghouse NLSW IBM-compatible programming software

Total cost: - $3500

Accessory Hardware:

Display: Chen'y Alphanumeric Display, Single Line, RS-232-C Compatible; D.C. Power supply
included; Total cost - - $350.

Computer: IBM Compatible Personal Computer, 20 mb hard drive; 684K internal RAM memory;
Serial and parallel ports; Parallel dot-matrix printer, Total cost - - $2500.

Enclosure: Hoffnan Inc. or Rittal Inc. - NEMA12 unit; Total cost - - $300.

Alarm: Audible alarm horn; Total cost - - $30.

Selected Potential Applications

This section presents a representative set of six potential PLC applications. Each system is designed

to demonstrate the potential utility and benefit associated with PLC use.

Application 1: Effluent Wastewater Turbidity

Hardware: Basic PLC system; Turbidimeter with flow-through cell (e.g., HACH Ratio Turbidimeter
Model 18900); Flow meter (e.g., ultrasonic device placed at parshall flume).

Overview: This simple PLC application (Figure 3) will provide a wastewatet treatment facility with
continuous monitoring of its effluent turbidity and effluent flow. Admittedly, clarity only provides indirect
evidence of satisfactory effluent quality. However, this parameter often serves as a vital symptom of
problems occurring elsewhere in 'the facility, and is commonly the first sign of trouble identified by the
operator. This information will be visually scrolled across the alphanumeric display on a continuous basis
for routine operator evaluation. An alarm function would also be built into the PLC logic to trigger
operator response in the event of abnormal facility behavior. Although not included, pH and dissolved
oxygen sensors could be added to this application package to boost the overall data base. In turn, the PLC
would have even more information on which to develop a real-time assessment of the current plant
performance. Ideally, this latter instrumentation woild be added after first experimenting with the
simplified set of turbidity and flow measurements.

Control State.,: The real-time signal taken from the turbidity instrument would constantly be
analyzed in terms of apparent effluent solids overflow. This information would also be compared against
the incoming flow data to assess the occurrence of a hydraulic overload or general plant upset. Should
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the effluent turbidity show evidence of a significant deviation from the plant's historical trend (i.e.,
developed by the PLC using continuous data evaluation), the PLC will signal an operator using an audible
alarm. The alphanumeric display will also generate a visual message to the operator, advising of the
nature of the problem (i.e., relative to the current flow and turbidity conditions).

Critical Factors: By virtue of its simplicity, this application should be easy to implement and
maintain. An ultrasonic level (flow) detector would require virtually no maintenance, and the effluent
turbidity analyzer should require relatively little care.

Expected Benefits: This application should complement the routine oversight of a wastewater
treatment plant presently provided by the operators. (The PLC essentially serves as a monitoring program
that continuously advises the operations personnel of the final effluent's clarity.)

Application 2: Effluent Wastewater Chlorine Disinfection

Hardware: Basic PLC system; Residual chlorine analyzer (e.g., HACH, Capital Controls, etc.);
Flow meter (e.g., ultrasonic device placed at ParshaU flume).

Overview: Placement of a residual chlorine instrument on the effluent end of a disinfection tank
would provide continuous monitoring of the system's residual halogen level. This information would
continuously reassure the operators that proper chlorination of the effluent stream was being maintained.

Sample I ljrbidity
Pump Analyzer

Clarifier

II II

Waste
Pump

Influent
/

/
/

/

/

Alarm PLC

Figure 3. Effuent wastewater turbidity PLC system
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Control Strategy: As with the previous application, this package is designed to provide real-time
monitoring rather than actual control of the disinfection system. Should automated control be desired as
well, however, the PLC could be used to trim this chlorine input by adjustment of disinfectant feed (i.e.,
hypochlorite or CTZdu gas supply). Figure 4 provides a schematic overview of the control hardware used
for this PLC application. This control would be based on feedback adjustment to achieve a predetermined
chlorine residual.

Critical Factors: Residual chlorine monitors are Level #2 instrumentation devices and may require
more operator care and attention than would parameters such as D.O. or pH. Proper calibration of this
device would play an important role in the overall success of the application.

Expected Benefits: Human operators are presently limited to infrequent information (e.g., grab
sample data) regarding the residual chlorine level for their disinfection reactor. This PLC application
would greatly improve routine awareness of these chlorine levels, and promote the ability to interactively
optimize the plant's disinfection effectiveness. Full automated control using the PLC would be a logical
step after a demonstration of the success of this preliminary monitoring procedure.

Application 3: Blower or Turbine Aeration Control

Hardware: Basic programmable logic controller system; Power transfer relays (?s ."'ded for
individual blower control); Dissolved oxygen analyzer and electrode; Flow meter (e.g., ultrasonic device
placed at Parshall flume); Temperature probe (RTD or thermocouple) and transmitter.

PLC

Influent /Effluent
I Halogen \ Residual

Pump Halogen Analyzer
(or Eductor)

Halogen SampleHale Pump

- -.

Disinfection Reaction

Figure 4. Effluent wastewater chlorination PLC system.
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Overview: Small-sized wastewater treatment plants (-I MGD) are commonly equipped with
multiple positive displacement blowers or multiple surface turbines, and are manually controlled in terms
of operating D.O. The proposed PLC application would regulate the operation of these aerators according
to one of two alternative strategies. First, these aerators could be regulated according to flow relative to
the PLCs perception of a normal diurnal wastewater flow pattern. As the flow drops in the evening, the
PLC would inactivate a preset series of aerators. Use of these aerators rotate to spread the operating times
evenly. Second, the PLC could regulate these aerators according to its measurement of the in-situ
dissolved oxygen levels. Here again, the PLC would implement a discontinuous aeration pattern to trim
thc dissolved oxygen level into a preset range.

Control Strategy: Cyclic aerator control is usually not used due to complications with solids settling
during unaerated periods, and lag times between controlled aerator input and system response. As a result,
aerator control strategies often follow complex closed-loop algorithms that involve sophisticated
manipulation of such factors as blower speed, inlet guide valves, or suction throttling valve positioning.
However, for this example, the PLC would nonetheless be installed for simple on-off aerator manipulation.
Figure 5 provides a schematic overview of the control hardware used for this PLC application. The
real-time reactor D.O. and temperature data would be evaluated by the PLC to determine whether one or
more of the aerators might be inactivated. After detecting a high D.O. level, the PLC would
chronologically begin inactivating a preset series of aerators until reaching either a predetermined
minimum number of aerators, or the preset minimum D.O. This preset limit for aeration intensity would
be necessary to assure some degree of solids mixing within the reactor even during down-scaled aeration.
At the other extreme, the PLC would also be instructed to re-engage the aerators in succession should the
D.O. fall below this preset limit.

PLC
AlarmPL

- /

*Oxygen
Analyzer

Inf luent T -4 Effluent

Turbine Mixers Oxygen Probe

Aeration Tank

Figure S. Turbine aeration PLC system.
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Critical Factors: The dynamic character of activated sludge processes greatly complicates routine
control of reactor parameters such as dissolved oxygen. Aside from the lag problems associated with these
types of dynamic reactors, water clogging of diffusers may occur during periods of reduced or zero air
pressure within their air lines. For this reason, the control scheme for blower-based aeration systems
would have to ensure that at least one blower were active at all times, to prevent the whole air delivery
system from having to be purged of entrained water. Cycling of electrical motors may also be detrimental
to their performance. For this reason, the PLC would have to be programmed not to stop and start these
motors too frequently.

Exected Benefits: Automatic control of dissolved oxygen may provide better energy savings than
infrequent use of a manual blower or turbine operation. The desired dissolved oxygen levels will also be
maintained on a routine basis, thereby promoting optimal biological activity in the reactor. This technique
may also extend the serviceable lifetime of this equipment by reducing annual run times.

Application 4: Primary and Secondary Clarifier Undertiow

Hardware: Basic programmable logic controller system; High range turbidimeter (e.g., HACH
Surface Scatter Turbidimeter); Flow meter (e.g., ultrasonic device placed at Parshall flume).

Overview: This application, as simplistically depicted by Figure 6, would be implemented for
routine control of the underftow from primary and activated sludge clarifiers. Solids withdrawn through
these underftow streams would be analyzed for their apparent solids content using a surface scattering
device such as the HACH unit suggested above.

Effluent

Clarifier

iWaste Pump

Influent
Power lb Suspended

Solids
Analyzer

I

Alarm - PLC DisplayPLC

Figure 6. Clarifler underftow PLC system.
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Control Strategy: This HACH device was recently developed to determine the presence of high
suspended solids levels in wastewater streams. As applied to a clarifier underflow, this data would be
used to discontinue underfiow pumping for a preset period, after which the underflow would be resumed.
Intermittent pumping of this underfiow could stabilize the performance of many clarifiers by ensuring that
solids do not unnecessarily collect within the clarifier.

Critical Factors: If the solids analyzer failed by sending a consistently low signal, the PLC would
mistakenly believe that the underflow was devoid of solids and need not be continued. Hence, the PLC
would have to be programmed to anticipate this type of failure (or a failure from too many solids) and
to implement a backup operating mode should problems with the sensor be detected.

Expected Benefits: This PLC application might yield a considerable improvement in clarifier
effectiveness. Ideally, this PLC application would be configured jointly with an effluent turbidity analyzer.
In turn, the PLC could positively respond to the onset of high effluent turbidity (i.e., solids) by attempting
to increase the underfiow wastage.

Application 5: Wet-Well Control

Hardware: Basic PLC system; Level sensor - bubbler type (with pressure sensor); Power transfer
relays (as needed for individual pump control).

Overview: The pump control requirements for sewerage wet wells usually depend simply on power
control relays triggered by high water levels in the well. Mercury-contact "tear-drop" level sensors are
commonly installed in these applications, and are sensitive only to fixed level indications. Conversely,
the proposed PLC application shown in Figure 7 would monitor a bubbler-type level sensor. This device
would give the PLC continuous information about the actual liquid level, and could also be used to operate
the wet-well pumps.

Control Strategy: The PLC would be instructed to activate the wet-well pumps according to preset
liquid levels in the well. In doing so, the PLC would merely replace the control relays previously used
for this purpose. However, the PLC could also be instructed to track and evaluate the wastewater flow
(by virtue of its knowledge of dynamic liquid depth and outgoing pumped flow), so it could diagnose the
real-time pattern of the wet well's operation. In storm-related high flow events, this "intelligent" wet-well
PLC system would sense that the flow had increased and would shift its desired "high" well level to a
lower setting, providing a buffer against short-term well overflow.

Critical Factors: For this application, the power of the suggested basic programmable logic
controller is clearly too advanced for the control needs of the situation. Indeed, this PLC could be
downscaled to a much less expensive micro-PLC costing only a few hundred dollars. The involved
technology and sensors should be robust enough to serve over an extended period with minimal routine
care and maintenance.

Exoected Benefits: This PLC application could improve the operation of wet wells and lift stations
by using the intelligence of the PLC as an operational asset not possible with mere control relays activated
by level floats. The ability of this system to perceive storm events could be enhanced by use of tipping-
bucket precipitation sensors placed in protected fashion on the roof of the wet-well facility. This
additional information would allow the PLC to validate its flow-based perception of a storm event against
an actual measurement of precipitation. These sensors could, in fact, be placed at all wet-well locations
on a sewer network. All of the wet-well PLCs would be given modem access to a supervisory PLC or
PC unit that, in turn, would provide executive oversight and control of the entire sewer network.
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Application 6: Cooling Tower Water Conditioning

Hardware: Basic PLC system; pH probe and transmitter, Conductivity probe and transmitter.
Temperature probe (remote data transmitter [RTD], or thermocouple) and transmitter; Chemical feed pump
(e.g., for concentrated sulfuric acid).

Overview: The necessity for blowdown in cooling towers stems from the progressive build-up of
solids within this water. Commercial water monitoring and blowdown control systems make use of
on-line pH and conauctivity data to trigger the influx of acid, fresh makeup water, and simultaneous
discharge of high-solids blowdown water. This application will provide a similar system, but based on
PLC control rather than a proprietary controller. Figure 8 provides a simplistic overview of the proposed
system.

Control Strategy: On-line pH and conductivity probes would be continuously monitored for elevated
levels. If the pH exceeds a preset level, the PLC would be used to initiate the addition of (usually
sulphuric) acid. The conductivity data would be used to control actual blowdown. Upon recognizing an
elevated solids level, the makeup system discharge valves would be opened to initiate a tower blowdown.
In turn, the drop in water level on the floor of the cooling tower would result in an opening of the
mechanically-operated makeup water inlet valve. Once the conductivity dropped below a preset minimum,
the blowdown cycle would be discontinued.

Critical Factors: The PLC must be programmed to monitor for sensor errors and operational
irregularities. For example, after sensing the pH rise and starting acid feed, the PLC would have to ensure
that the pH actually responded by beginning a downward movement within a finite time period. Should
this trend not occur, the PLC would have to assume that either the acid feed is not functioning or that the
pH probe is not working properly.

Exected Benefits: This PLC application essentially replaces a similar package that could be
purchased from an industrial water conditioning vendor. In this case, however, the proposed PLC system
would offer considerably more flexibility in the logic that could be incorporated into the unit.
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9 CONCLUSIONS

This report has explored the opportunities for coordinated implementation of PLC technology in U.S.
Army WWTPs and concludes that the decision to use PLCs in military environmental engincering systems
should be based on the following requirements and considerations:

1. PLC applications should be designed to complement rather than to replace the existing
workforce.

2. All PLC applications should be accompanied by an intensive training effort to familiarize the

associated workforce in handling and using PLC hardware and software.

3. The control hardware, instrumentation, etc. of PLC systems should be designed for simplicity.

4. The design engineer should incorporate an uninterrupted power supply for any controlled system
whose long-term failure or (down-state) will constitute a critical or unsafe condition.

5. The design engineer should consider initial installation of a parallel manual backup for the
controlled system.

6. Any employed PLC system should always be provided with a full set of replacement
parts/modules. (NOTE: PLC parts and modules are inexpensive and should be available for prompt
replacement of failed hardware.)

7. PLC applications will likely evolve on a trial-and-error basis over an extended period of time.
(PLCs will not become an overnight panacea.)

8. Effective PLC implementation will require an ongoing quality control effort to clarify situations
commonly associated with PLC performance failures or shortcomings, and to promote facility confidence
in successful applications (i.e., past errors, as well as success stories, should be addressed during the
inherent "learning" curve).
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APPENDIX A: PLC Vendors and Options

I&CS Guide to programmable controllers
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l&CS Guide to programmable controllers
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UIVPROM InstnwdloruS
PLC2130 ORAM ISK 1792 0 0 0 0 0 0 0 00 * 00 * 0 * 0 0 *
PLC S/25 ::RMM 21K t920 0 0 0 0 0 0 * 0000 0 0 0 0 0 0 0

Oct. E'PROM
PLC-3/10 9EOC RAM I2NK 406. 0 0 0 0 0 * 0* 0 * 0 0 0 0 0 0 0 a 0 * *PL.C.3 8EOCMRM 2K 6192.
PLC-51250 88MAM 364K 40960 0 0 0 0 0 0 0 0 0
PLC-s/tIs Be CMOs . 14K t024 0 0 0 0 000 000 00 . * * *

RAM E'PROM
PLC.2I 98MAM 3K 256 0 0 0 0 * 0 0 0 0 0 0 0 0 0 0 o 0 0 * 0

PLC-2/17 BRAM SK 512 * 0 0 0 0 0 0 * * 0 * 0 0 0 0 0
PLC-5/12 ::RAM SK 512 e oo oo 0 * .0 00 0e

E'PROM
PLC-SNME 88RM. 14K 1024 0 0 0 0e

EIPROM
PILC.2102 Be CMOs. 1K 126 0 0 00 0 0 0 0 * 0 0 0 0

___________ RAM E'PROM
Ana" owevlcIn. 

2-- - - - - - -
UMACSODC-1 MAM. ROM 128k 24 0 000 00 0 00

UMAC000L87 Stat RAM 250K 34 0 0 0 *00

AN2400 PanolInge t1to0Dn I in, 0 0 00* 0

Aulomawt cT~mnq --- - - - - - - - - -

ATCOM 64 E'PROM $K69* o 00 0 0
CMOs MM

AuloeyiaoSylteme - - - - - - - - - - - - - -
PACS5 RRAMEPPOM 32K 64K 0 C24 00 0 * *

E'PROM

CSCol UVROIJBBRAM 2721(b 29 a00 0 0 0

CLCO2 tNROMBB8RAM 54Kb Is * 0 0 e o 0 *

LMM02 UVROM BRM 56Kb 1 024 * *0 0 00 0 .
UPCOI UVROM 8MRM 276Kb 1024 * * 0@e 0* *o
MFC03 UVROM SBRAM 6d oo *** * * 8f0*0 0*
MFC04 UVPOM SWAM 570(b 0Oooo 0 0* 00 0 000

CL300 PAAEPROIM Ix 12 0 000 0 0 0 00 0 0 0 0 0 0 0 0 0 0
CQW ~~~PA PIOU 12

PM. EPPOM 16 040 0 0 0 0 0aPC600RMPO 64K 20460 0 0 0 0 0 00 000

D&N Induebl

MINICONTOI E'PROMM RM S6K W 0 0 0 0 0 0 * 00 0 0 0MIOICONTROL ~~~E'PROM RAM 1K 192 0 00 0 0 0 00 0 0 0 0

MIJLTICOITROL CP40 E'PROMMRM I1SK 1 024. e * * * * * 0 0 0 0 . 0
MULTICONTROL CPSO E'POMMRM 74K 153 6o oo6o 0 -0 0 000 0000

O'C 3330 PIROM 256K go 0 0 0 0 a
RAM 1289

ADC 3350 PRCM 256K 240 0 0 e 0 0 0*

RAM 12"K
UCS 336 PROM 2541 320 0 0 0 a 0 0 0 0 a

RAM 12WK----------
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Momw" 1/0 capew" ProraCmmlw
U.iaigWU & 0k Type " - Types oe0lue

,_ _ __ i'

Cincinnedl MIu. ,

APC 500 CMOS RAM 128K 2080 . 0 . 010

Conto Technology , Z22

Corp.
2200 B0RAM S 360
24001E 813RAM SK • ••I3"
2"00E 8BRAM S 238 9
2800,-A BORAM 16 236 @

DATEM 223
00C82000 88RAM 323 81K 160 0

Static RAM
oOCS2000 SSRAM 32K 8K 0 0

Static RAM
ODCC2000 88RAM 32K SK 10 0 0

Static RAM
UttimajoGA BORAM 32K SK 64 0000000 0 00000

Static PAMMgronics SlI,, I" M0O uCMOsAM 32K 51 • • 0I 0 * a 0 0

or EPROM

ICM-a-40 EPROM 4K 24 00 0 0
PIC Be-Is EPROM 4161 6K 249 0 0 0
1CM 8.13 EPROM 4K 26 0 0 0 0

PIC 88-22 EPROM 414K 56 0 000 00 0

Eagle Signal Conrole 000
Epwkt 120 RAM, LIVPROM 520 sotmrna 66 000 0

Ep ek 225 Snory RAM &I o 16K 26 0 *

Etosk 245 S•n q RAM 8K ort 126 0 0 0 0 0

EPtak 7000 BoryPAM 132/48K 2048 0 0 * 0 0 O

Eaton Corp. 227
Curet111a

0IO0 CRA4OH RAM. LNPAOM K 120 00 0

EOPROM IK
RAM IK

OIOOCAA40A RAM. E'PROM IK 82 0 0 0 0 0 0 0

UVPROM IK
MPCI RAM, E'PROM K 12 00 0 0 00

D500 CPU 20 RAM. E'PROM 4K 224 0 00 0 0 0 0 0 0

0S00 CPU 2S RAM. EPROM 4K 250 0 0 0 0 0 • * 0

DO0CPUSO RAM, E'PROM 6K 512 0 0 0 0 0

DIO0CRA14 RAM. E1PROM K 36 0 00 0

0100CR2OA RAM. EVPROM K 42 0 00
UVPROM IK

OIO0CRA25 RAM.E'PROM K 26 0

0200PRO4 RAM. E'PROM 4K 224 0 0
D200IPRO4C RAM. EPROM 4K 224 0 0

EncodW products Co. 228

7152 indl Conuo1 t t BSRAM EPROM 52 300 0 0 0 0 0

EVPROM
;'2S2 M oro0 U8AUEPRO44 5K 6 0 0 0 0 0 0 •

SylWgy Osofuilod 8R AUEPROM 32K 12K a 0 0 0 0 0 0

Colrof system E'PROM fl1Qui0

EnWton InduS&e2e
SK 16" EPOM 4K 6

SK IOC EPROM 2-4K 64 0

SK 100 EPROM 8K

Furn - 230

968M20 RAM.EPROM 32063.9 40 00 00 0 0 0 0 0

96KM20 RAMEPROM 1000 p 40 0 0 0

9&1M40 RAM. EPROM I0005649 so 000 00 0 0 0 00

O63KM40 RAMEIPRO 200003.9. 60 0 0 0 0 0 0 & 0 0 0 0

E'PROM
96JMs0 RAMEPROM i000tp 1 20 & 0 0 00 0 0 000

61M60 RAMEPROM 2000ht.W4 320 0 0 0 00 00 0 00 00 0 0

EIPROM
PC/OS RAM 2K 2 0

PC/9 'Pus- RAM 5K 40
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UeE U m S Ms. ,0,o

Type Nan TVli 0

MICROGEM ETI*OM o 2 n a a 0 0 0MI

IGEM BBAM 0 0 0
130 Sor 0 0A 0 [e1l o1 0 0 l 0 0

E'PReOM

140sees *GRAM or 2 6 2 0 0 0o • 0

IS0 Seio e A v o 258 i64K 204 .o • . I i
E'PROM 28K 192K

250 So in BRAM or 2M6 ;024 0e
300 SoIi EPROM. IIVh 6 192 . 0 O 0 000 000 It0

OPAM or
00 Soeri EPROM. 1OI6 6192 0 o0 0 0 * 0 0 0 0 0

OSRAM o
Y30Seri" EPROM. ISM 6192 o o *. o

_ _ _ SMAM

GE F~a 232
SoriO On Junir CMOS RAM. •00 Ird* • • 0 0 0 0 0 0 0*

EPROM 96
Slo OnOtI CMOSRAM. . I 112 * 0 0iotoo • i

EPROM
So ila One Plus CMOSPAM. 3.70 0l 0 * I * 0e 0 0• 0 0 0

EPROM
Soria Three CMOS RAM. 4K• wl• 4 • Ie 00 0 00 0 •I0 0 0 0 0..

EPROM 0Sodo lyg CUOS RAM 32io2K 0 0Ol! 0 • 0l • 0i00l •0l0I 0 0 0
PROM E'PROM

SeOi" SIX Pl CMOs RAM 48Kl ws 4K 0 0 0 00000 000
SorI sixPKaM CMOS RAM SOK• ds 8K * 0 0 * o • 0 0 0 i 0 0 0 0 0

POC4In1O CMOs as IK 43 00000000 00 000 0000000

PIC4S-20 CMOsS w 6 4 5 00 0 0 00 M . . 0

PICAlTur!oP couav CMOs 9 132K 22 20 00 001 0 oO o o oolooo
PIC0S TuW cc CMOSB 2Io 102o 0 0000000000 00

LSC-10O0 RAM 2KIXlo 12 0 5 w

E'PROM IKXI
EPROM 1X aI~Um1PCO : 2: -;

PC042-I0 CMOs RAM "Kl ol o12l00e0 000 000

EP"O 2K40K
tC42OIS CMOsRAM K IK •2K 612 00 000 00000

EPOM 4
lC42-20 CMOs RAM 2KI4K @K 612 0 0 0 0 000 0000 00 0
'C4m20-2s CMOSRAM 2-32K 20 4 0 0 000 0000 00 0

WIPC420-35 CMOSRAM 2-32K 204 0 0e00000 000l 00000 0 0 0

No EI6l . 266
ME61OOPC*** RAM 40Kl 4K 164 0 0 0 0 0 0 • 0 0 0 0 0
9"O&G CIPU_ _

FA-IJ CM(OG RAid. IolOI00 O 0 0 I 0ig0 0N | 0n 0 0

MAC4 I CMOs PAM 1.4K 24 0000 0 0

FA-2J CMOs PAM, I o 256 0 0l0 0 0 0 0 0 0

E'PAOW
FA-2 CMO RAM. I l 12 0000 0 00 0000 000 00 0

E'POM __
hIdueblw Ca" Lkdo : : : 270

ICL l100 8RAM I24Kol 0 0o0r0 0 0l0 0 up
1CL IOOPOEM OORAM 32Kor496 up 0 00000 00 0 0

ICI 1200 OORAM 4K 60 0 00

PS3-6 RAM EPROM 3U00 0 0i0s0o0 0loi0 0o0 •
PM-32 RAM.EPUO 32K 2040 I0 0 0 0 0I•0 0 0 0

P3-AC RAME'PNO IINO0 0 0000 0000 0000 6

P3-OC RAM E'PWRO 3Io3o0 0 0000 0000 0000 0 0
P3-316 RAMEP ROM IK ol20e00 00 0 | i 0000
m. 272

LSt(00A RAM POM 4 164 0 0 00 0 0 0 0 0

WP620A RAM 12 12
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vo 2!e!!LAft

NO" TV" so ma T"" LWOMIN "am" 00W

P-
213

FILAM FPAAU GX stop& 120 0 & 0 0 0 0 0 0

EIPROM
A2CPU" RAM EPROM 149 steps 512 0 4 9 0 0 0 0 a 0

A3CFJ RAM EPROM 2 X 309 2044 e a * e a e * e 4

steps

A3HCPU RAM EPROM 2 X 30K 2048 IF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

slope

F,-12M RAM EPROM 111 32 0 * 0 0 0 0 9 0 0 0 0 0 0

OPROM

F,-20M RAM EPROM W 40 0 0 * 6 0 0 0 0

EIPPIOM
F, -40M RAM EPROM IK so 0 6 0 0

OPROM
F, -60M RAM EPROM 1K 120 0 4 9 0 0 0 0 0 0 0

E'PAO&4

F,-20M RAM EPF40M Ik 40 0 a 0 0 0 0

E'PAOM

F,40M RAM EPROM 2K 00 0 0 0 0

EIPROM
F,-WM RAM EPROM 2K 120 0 .

E2PROM

MOdWAn 
274

PC 0063 CMQS BMW It( lao

or EPPA)m

Mmwo-64 EAF*M 2K Ila

9101-360 CMOs 3 5-SK 256

964-361 CMOs 3.5-6K S12

964-4W CMOs GAOK 1024 0 10

M4-6" CMOs WASK 2048

244X CMOs ICK 20"

CMOs 10-34K 2D"
CL403 42-138K I6K 0 10

A" 
275

LOOM & &MUw" C"W. EsPFAW joc-" 'm

324 Prog Seq.Com CMOSRAM IGK-by% 512

OWN 
276

C28K PAM EPPOM I " 94 ft 44

C20 RAM EPROM 1.194 Ills 140

Ci2Q PAM EPROM 2-OK WFOO 254

C200" PAM EPROM 4K. . OK 364
wwds

C5w RAM EPROM 5-3K OK $12 .0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 a 0

wwds

C 1000" RAM EPROM 12-36K 1024 *

C20" FVA EMOM 12-M M" a 01:

words

Op" 22 wwds 41 277

LCvOPTOMUX 32K 32K 4006 0

LCXX)F'TOMUX. PAAAJX 64K 32K

Pbwdx 0611m 
278

= 
OE=; 

,wd'Widba Port Exp~ 11 EPWW RAM 32K UK

modbus Poa Exp& III EPfWM RAM _m M

Pro-Log Comewo 
M

Sysism 2 Ma" 301PLC 9111ft O@KbOM 1000 0 0 9 0 0 0 10 10 Is 4 0 0 0

290

MIU0.1 RAM ROM 64K 254 0 0 0 0 0 0 0 0 0 0 0

-FFO EW wk PROM - - - - - - - - - - - - - - - - - 261

AUWMU Gomm

OCS Sm 2850" 21K, *+

Aula"S 16 ESPINA)PA PAM IK 64 a 0 0 0 0 0 9 0 0 0 a

NVFAM

AL406MG 20 EOPROM PAM 2K 254 0 e a 4 0 0 0 0 0 0 0 0

NVRAM

AkAOMSW 30 E4410M RAM SK 512 a 0 0 0 0 0 0 a a 0 0 0 S, 0 0, f 0 0

NVPA#A

AL40M" 40 ESPROM RAM 104K 6192 * 0 0 a 0 * S, 0

NVPAM

Shw% x EPROOA or IK or 2K so 0 0 0 0 a a 0

EIPAOM III or 2K so 0 a 0 a 0
Sh" XL EPROM or

EIPAOM
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Tp oO capablity PLag ae f kig N

Sue No. Types 
Sb NOeeo '

____ _____ 
-r~I~ .I.b*i - iip l!

Slemene Energy 282

a Autaton 
262

S5O100C
0 

rCOVV' RAM. EP~f~- yp 128 0 0 0 0
E'PROM

SS-OOU(CPU 102) RAM.EPTIO1. 4K bytes 256 .. * e 0 0 00 000 0 * o *

E .rqOM

S5-IOOU (CPU 103) RAM. rPOM. 20K byles 256 0 * * * . . 0000

E'PROM

S5115U (CPU 941) RAM EPROM IOK words 512 * 0 0 0 0 0 * a e * e e

E'PROM

S5- 115U (CPU 942) RAM. EPROM. IOK bytes 2048 0 * 0 0 .0 * e * a e e e e * * .. . . .

E'PROM

SS I I U (CPU 943) RAMEPROM. l6K byes 2048 e * e * e a * e e * * e * * * 0 * * * *
E'PROM

S5135U/R RAM EPROM 28Kwords 8W92 0 0 * a * * 0 0 0 0 * * I .0 * *

SS* -35U/S RAM.EPROM I28K words 8192 0 i 0 ] S 0 0 D 0 * S • 0 0 0 *

S -11SU (C PU 944 ) R A M .E P RO M 9 K 8 bytes 2048 I 0 * * * 0 0 0 0 * e 0 * 0 0 * *
EPROM

SS -135U/929 RAM.EPROM 929 bytes 8144 0 0 S * 0 - 0 00 0 , 0 0 * * 0 , 0 •
S5-135U/920 RAM. EPROM 128K ords 2048 . . . *

square 0 283
SY!MAX Model 50 RAM 4K 256 0 @ @ 0 0 0 0 0 0 0 * 0 6 0

PROM E'PROM 4K 4K

SY'MAX Model 300 RAM. UVPROM W -2K or 256 * I * I . . . . . . . . . . . . .

SV/M AX M ode# 400 RAM . UVP RO M 4K -16K 4000 0 0 I I * 0 * . . .. . . . . . . .

SYIMA Model SW RAM UVPOM 2K8SK 20000 0 0 0 0 : 0 : . . . . . .

SY/MAX Model 60 RAM. UVPROM 1 K-32K 8 oo0 00W0 0 0 0 5 0 0*0 e . . .

SY,'MAX Model I 700 RAM. Bubble BK-64K 1 14 K Il * I a 6 141 
• • • |• • • •

Totei. acw'Ima 284

TSX 7-10 RAME'PROM 24Kbyte 1 /20 0It 0 0 •
UVE'RUM

TSX17 .20 RAM E'PROM 24Kbyt" 180 * . . . . .0 0 .0 0 0 0 0 0 0 0

UVEPROM
TSX 47 JR RAM. 32K byte 8W 0 o e 0t e * * * 0 0 * 0 e 41 * 0 * 0

UVEPROM
TSX 47-10 RAM 32K byte 256 0 * 0 0 0 0 * 4 * e 6 e * o I o 0 0 *

UVEPROM#
TSX 47120 RAM. 32Kbyte 25 6 0 e 0 0 0 0 0 * *0 0 *

UVEPROU
TSX 4730 RAM. W8Kwds 512 0 0 0 0 * 0 o *0 0 * * 0 0

UVEPROM

TSX 87 10 RLAM. 1 2W words 1024 * 0 0 0 e o a 0 It 4 0 0

UVEPRO_
ISX oP7-3 kR RAM. 2 K words 248 0 * * * 0 * * C

UNVEPROU

T o Iten mio t 
286

TMIStrn RORAM 364Kg 0000o 019 010 00011 0

T1560 RAM 34bt 12
TI13S CMOSRAM SKwas d 1023 0 0 0 . .0 0 . 4 0 0 0

or EPRom

TI153T CMOSRAM or 20Kmom t I023 0 0 0 4 0 0 * 0 40

E'PROM or
EPAOMA

V1525 CMOsPAMor INK tea 102 0OR 0 00000 00 000000 0 00

EPROM
I152 PAM orEPROM 3.SKword 512 e

PM5WO PAM orEPROM YW 5120000*00 0 000

TISIO RAMorEPROM 25 wo 40

5T PAMarEuqOM4KU S or2 i0 0K w0 00

T1100 RAM I KU, wod 128 0006

EXI s CMOS RAM 1K 40 0 0 0 00*

EX40 PIu CMOS RAM 1K 4 o0 0 0 0 0 •

EX4o .1 cMos RAM 1K 0 0 •, 0, 0 
0 0 0

EX40H CMOS RAM 1K 120 o * 0 0 0 e *

EXIO CMOs RAM 4K 240 0 0 0 0 0 0 * 0

EX250 CMOS "AM 4K 2L60000 0*0

EX26 CMOS RAM 4K 224 000I0 00i0 * 00I0e00•0
EXS00 CMOSAM SK 52 .0 0 - -- - 0 00-

1 tee RAM 35K byte 7528 0 0 0 S 0 0 1 •
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ALMOMATIC AL7 OMATION COMPUTER DMIGNEAUIT DIVEBISS -EAGLE EATONTIMING AND S')STEWS DONhMICS SIGNAL
CONTROLS SALES ______ ______ CONTROLS
ATCOM 64 5190 CDI-LAD-SBC a. C30/M ~ PIC-88-22 EPTAK 100 a. DIODCRA14

b. CSG604 b. DI0OCR20A
____. C3&6060

32 14 24 S 10 16 14 (a), 21)(b)
64 24 (a), 48 (b), 58 34 (a), 40 (b)

____ ___ ____ ___80(id

4 32 16 4 2

4 32 2

Yes Yes Yes Yes No No No
1,0 1,0 1

_______________ 0

3 Counters, 100 kHz 3 k~tz 10 kHz 2 kHz (a),
12 kHz 

4_______ ______ _ _______ 4kHz (b)
Higi curent Resolver converter Positioning, Timer/counter
transistor, message Access,
low current relay printout, PIC-A-Ml
outputs Basic coproc. Presto,

PIC-P11-0

21-77 1000 6000 256 235 6412
83 230 120 123 10 12 6463 250 100 32 10 8 64

r 2-3 ms. 1mi 2.=. Smis Sis 2 Sis
Sk 2449f2k IM 16k 4kam 250 It"p Jk

i6.6k 164k 32k A2 1

IMath Math, trig Math, compare Math, compare

Display ad/or Am"ays logic Shift re&,. Clock. calendar, li-dir, shift reg. Wa,
transmit steper drum..s, jump, shift meg, Mssd. update LAOmessages, preset s, bHLk transfer (a), 10-mn timmers (bl,
timers & counters commiand to bahibit

___________all outputs (b)
Watchdog CPU, memowy, Cycle tim, Watchdog Internal

program~ I/O hardwae, meinWY, fault contacts

Yes No Yes Yes Yes No Yes
SNAP C. PL/M Ladder,

Grafeet, Uteral,
French~g

RS232 1-12 2 RS232 or 3 (a), 6(b), 6(c) I RS=3
RS485 RS232C422/485

Yes Yes _______ Yes No No No
HH, PC PC, Apple 11 PC ill. PC, CRT, 14K, PC 14K HH), PC

FrehEg

FD ID ID TL, ID FD TL ID

PL LD LD FL, LD. I/O, FL, LI PL, 1.0, 110,
Grafcetl lis conments, text

UJL UL UL,CSA UL. CSA

26207 208 209 4 210 21121
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MICRO Programmable Controllers - 64 or Fewer L
Compamy ADD ABB ALLEN- ALLEN- ALLEN-

INDUSTRIAL INDUSTRIAL BRADLEY BRADLEY BRADLEY
SYSTEMS SYSTEMS

(1) Model(s) Master Piece 51 Master Piece 100 a. SLC I00 SLC 500 SLC 5;01
b. SLC 150

1 /O Capabilities
2) No. discrete 1/0 in basic unit 32 64 16 (a), 32 (b) 20/30/40

(3) Expandable to 64 128 112 W462/72 256

(4) No. analog inputs pos. 64 24

(5) No. analog outputs poss. 16

(6) PID control Yes No No No

(7) VrrL: true an (1); true off (0);
selectable (1,0)

(8) Max. no. of remote 110 racks

(9) Max. distance for remote*

(10) Remote communication rate 2 Mbaud 153.6 kBaud

(11) High speed counter module. 100 kHz 5 kHz (b) 8kHz
max. rate

(12) Special-purpose moduls: Seq. advanced

II. CPU & Memory Features
(13) Available nu. of relays 999 User user

Available no. of tdsee 16 32 conflg. config.
Available no. of counters 16 32

(14) Apprs scan time per 1k memory <3 ms User nJAW 15 (a), 4 (b) ms <10 ms <10 ma

(15) Total memory 64k WS (a). 1k inst. lk/4k inst.
1200 (b) wds.

(16) Application memory 32k us (a), 1k inst. lk/4k inst.
1200 (b) wds.

(17) Math capabilities Math, trig Math, compare Math, compare

(18) Enhanced Ins fcto tures Pulse. Jump, PD, itn fWuc. gen., Seq., shift reg., Seq., shift reg.,
seq. l 11d1l01 ira, f/leogic, BCD/ fileslogic, BCD/

pulse-PID, ramp bin, subroutine bin, subroutine

(19) Internal diagnostic features Self-test, Total memory, Yes Yes Yes
watchdog hardware

M. Programming & Iaterfacin
(20) Force VO? Yes Yes Yes Yes Yes

(21) HlSher level anguage$) Function Block

(22) Nos. A types of aerial ports R5232 1 RS422 I RS4M I RS48S

(23) Configurable ID mapping Yes No Yes Yes

(24) Programming br. handheld (MO); H-, other HH, PC, HH, PC HH. PC HH, PC
IBM PC or omp. (PC); special other
CRT %nit (CT): othere (Us"ed

(25) Program loading b. tape loader FD FD FD FD FD
(TL); floppy disk WID);
others (listed)

(26) Hard copy documentation L Complete LD LD ID
1progrm lIstin (PL); ladder graphic
diagram (LD); I/O wiring (110); block
othes (listed)

IV. Ratings UL, CSA Pending Pending

CIRCLE NUMUER 201 202 203 204 205
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MICRO Programmable Controllers - 64 or Fewer I/0 (Continued)
Cmpany EATON ENTERTRON FIJRNAS GE FANUC GE FAN"UC

INDUSTRIES ELECTRIC

(1) Model(s) DICOCRA28 a. SK1600 a. 96HM12 Series One junior a. Series One/I
b. SK160OR b. GAM'10 b. Series OnePlus

c. 96KM20

1. 110 Capabilities
(2) No.discretel1/Osin basic unit 28 2(a), 32 (b) 12 (a), 20(b,c) 24 32
(3) Expandable to 28 56 (a), 64 (b) 32 (a), 40 (bdc 9 112 Wa, 168 (b)

(4) No. analog Inputs poss. 4 (c) 24

C! No. analog outputs poss. 2 (c) 12

(6) PID control No No No No No
(7) TTL true on (1); true off (0); 1,0

selectable_(1,0) ___________________

(8) Max. no. of remote 1/0 racks ________ 1 3
(9) Max. distance for remotes 100Cf 3000 ft

(10) Remote communication rate 19.2 k~aud 19.2 kBaud 19.2 k~aud

(11) High speed counter module, 2 kHz (c) 2kHz 10 kHz
max. rate

(12) Specil-purpose modes: Peer-to-peer Ic), fast response 110, Fast response
timer acess, thumbwheel 110, thumbwheel
computer I/f interface Interface,

ASCIIBsic

11. CPU & Memory Features
(13) Available no. of relays 125 149 64 (a~b), 192 (c) 160 144

Available no. of timters 16 24 8 (a,b), 32 (c) 20 64
Available no. of counters 16 24 8 (a,b), 32 (c) 20 64

(14) Approx. scan tims per 1k memor 7s 15.,s 45 (a,b), 7 (d) us 5 meiCO wds 12 mik wda

(15) Total memory 3k 2k at 4k 320 (a,b), 1000 Wc 700 wds 700, 170.or
_______________ _______ _______ seps 3.7k wds

(16) Application memory 1k 1k or 3k 320 (ab), 1000(c) 700 wdts 1700 wits

(17) Math capabilitivs Math, compare Math (d) Math (b)

(18) Enhanced Instruction features jump functio Drum timer, Shift reg. (a,b), Seq. Seq. (a);
to skip parts shim mg., jumps (c), data moves,
of ladder maste coot. subroutin (dI, BCD-BIN-BCD,

relay BCD In/out (c), shift lefittrIght (b)
moves (c), comip. Wc

(19) Internal diagnostic featums Fault contact Software WVT, low WDT,
indeperident of I/O battery, parity low battery,

_________ _________ _________ parity

Ill. Programming & Interfacing
(20) Force11O? Yes No yes yes Yes

(21) Higher level languges) Assembler Step Ladder (c) Basic using
ASCII/BasIc

(22) Nos. & types of seril poets I R322 1RS422 I RS422

(23) Configurable I/O mapping No No No No NO

(24) Frogravining by. handheld (104) 104, PC PC HH,PC. H, PC, 101. PC,
IBM PC or coop. (PC); special other other LCD portable
CRT unit (CRT); others (listed)-

(25) Program loading by- tape loader FD FD TI. TL, FD Ti.Fl)
(TI.); floppy disk WID);
others (t""te)

(26) Hard copy documentation: PL, LO. I/O, PL, LD PL, LO, I/O PL, L.D. PL, LD,
program listing (Pt); ladder comments, text nicknames, nicknames,
diagram (LD); I/O wiring WIO); oments comments
others (litd _______ _______ _~_____________ _______

IV. Ratings CSA Pending UL (b), UL UL, CSA
ICSA (b)_______ ____ ___

CIRCLE! NUMBER 210 1214 53 21n 216 217



GEC GIDDINGS &r IEC INDUSTRIAL KLOCI(NER. MCGILL MFG MINARIK
AUTOMATION LEiWIS LOGIC MOELLER ELECTRIC
PROJETcS ELECTRONICS _ _____ SYSTEMS______
MlcroGENI PIC 4.9 MACH I IRIS R1024Q a. PS3-AC a. 1701-2000 LSIOOOA

a. Model 10 b. PS3-DC b. 1701-7000
__________ b. ModetlO ________________ c. PS3-8

20 16 ~ 24 24 24 (a). 32 (b). 16 (c) 24 (a), 64 (b) 23
160 40 24 2001 %6(a), 128 (b). 64 (c) 48 (a), 512 (b) 120

1 (a), 2 (b) 4 Cab) 16 (b)

2 (a), 3 (b) 1 (a~b) I1(b)

Yes No Yes No No Yes
1,0 1,0 1,0 0

7 254 3 _ _ _ _

30 It sow ft - 2000ft______

19.2 kflaud 187.5 k~aud

2 kHz 10 kHz (a~b) 100 kilz 1.4 k~lz

Commun. Encoder Mantmacine i/f, Servo cant. (b)
inputs, 1 (a), ext. tim adjust,
2 (b); Intel. remot, bus i/f
comn. port
(76.8 kBaud)

so 38W0 Unlimited 36 512 (4
32 512 16 Unlinsited 32 56 80
32 900 16 Unlimited 32 54 800
1.25 me . m 20 ms <4 ms <1.5 ms 2 ma 5-10ins
2k 66k 700 wds 3.6k 22k

2k 68k 700 wds 32k 3.6k 4k (a), Sk (b) 3k

Full math, math math Math
3-byte-wide

Seq. 200 call routine; RTC timers (32), Master cont. SPC blocks
2-axis cisc. shift reg., relay jump
& 3-axis Ross comparfators
interpolation

Full/continuous Start-up, real- CPU, program, Power-up, Output short (b), programmable Circ. error.
system monitoring time debug, voltage syntax, battery, fun, common., circuit d~tc (b) mem check.

________ & scan monitors mnop watchdog _______monitoring

No Yes Yes Yes No _______ Yes

Ladder Logic Assembly, ladder, C, Sucosoft
PIC Position, Pascal, Assembly
PIC motion

12 RS23 2 RS232C14221495 I 35485 I R5232

Yes Yes No Yes No- No No
HH, PC, HH, PC HH PC 112t PC, PC HH, PC
system CRT
programmer _

TL, PD fl. PD TL PD TL, PD PD) Ti,PD

PL, LD FL, LD,I/O PL. LD PL, LO,I/O PL, LD,I/O PL

UL CSA. IEC UL

218 21n2g 221 222 2.23 224
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MICRO Programmable Controllers - 64 or Fewer I/O (Continued)
Company MINARI MITSUBISHI MODICON MODICON NAVCOM

ELECTRIC ELECTRIC

(1) Model(s) WP6200A a. F2-20M MICRO-4 PC-0085 FOEM
b. F2-40M
c. F2-60M

1. [10 Capabilities
(2) No. dicrete O in basic unit 12 20 (a), 40 (b), 60 () 0 24 0

(3) Expandable to 20 40 (a), 80 (b), 120 (c) 112 120 40

(4) No. analog inputs poss. 4 (a), 6 (b), 12 () 12 16 32

(5) No. analog outputs pos. 2 (a), 4 (b), 6 () 12 16

(6) PID control No No No No No

(7) MTL: true on (1); true off (0); 1 0
selectable (1,0)

(8) Max. no. of remote 1O racks 0

(9) Max. distance for remotes

(10) Remote communication rate

(11) High speed counter module, 2 kHz 5 kHz
Max. rate

(1 Speial-purpnoe modules Peer-o-peer, 4-20 mA, 0-5 PWM (3),
UO mult., Vdc, 0-15 Vdc LCD/keypad
pulse gen. setpolnts operator,
positioning TTL/BCD
unit, TCAM

II. CPU & Memory Features
(13) Available no. of relays 216 64 344 1000

Available no. of timers 79 32 64 48 100
Available no. of counters 79 32 64 48 10

(14) Approx. scan time per 1k memory 7 ma 20 ms 6 ma 10 ma
(15) Total memory 2k 1000 (a), 504 elements 928 wds 640k

(16) Application memory 0.5k 1000(a), 504 elements 928 wds 600k
200 (b,c)

(17) Math capabilities Math, logic +, - +, -

(18) Enhanced instruction features Sequential 64 data reg., Seq. Shift reg., BCD Compares,
inst. set read, write, move, convert; MCR moves,

Immediate V0, addressing,
jump, sht Meg., IF
others

(19) Internal diagnostic feature Hardware, Power supply, Power supply,
software, battery memory memory

III. Programming & Interfacing
(20) Force LO? No Yes Yes Yes Yes
(21) Higher level language(s) Ladder Forth

including
Step Ladder

(22) No@. & types of seral posds I RS232 I RS422 2 RS232

(23) Configirable 1/0 mapping No No No No Yes

(24) Programming by. handheld (H0; Built-in HH, PC, 104, CRT 101, PC PC
IBM PC or comp. (PC); special CRT,
CRT unit (CRT); others (lised) other

(25) Program loading by- tape loader TL, FD TL T, FD FD
(TL); floppy disk (WD);
others (listed)

(26) Hard copy documentatio: LD PL, LD, PI
program lisftg (IFL); ladder annotatio
diagram (LD): I/O wiring (1/0;
others (listed)

IV. Ratings UL (b,c) UL, CSA

CIRCLE NUMBER 225 226 227 228 229~55



NAVCOM NEDERLANDSE NEDERLANDSE OMRON REUANCE RELIANCE SAAB
IULLWS PHLIPS ELECMrONICS ELECTRIC EUECTRIC AUTOMATION.

EVERET'CHARLES

a. FiO a. MC40 MC30 a. C28K Shark X AutoMate 15 FCC 930
b. F20 b. MC41 b. C20
c. F_0

20128140 (a),
10 (a), 20 (b), 40 (c) 20 40 28 Sac (b) 20,28,40 64 32

30 (a), 40 (b) 120 140 (a), 140 dc/ 60 64 128
130 ac (b)

0 16 (a) 2 16

0 4 (a) 2 16

No No No No No No

0 1 1.0

10 kHz 2 kHz (a) 10 kHz N/A

LCD/keypad, Compaltr/network Commun., (a,b), Serial Omm Voltage
T ,CD f, bidn. anlog set timer (a), cosparster,
RS485 multdrop parallel i/f, ext set thners (a) electronic

16 x8 bit input

150-1500 mix 20 max 20 296 364 256
48 24 16
48 40 32

S0ms 10,, 2m 10ma 5ms 7.5,,,

48k wds 2k 1194 Ins k or 2k

46kwds Ak 2k 1194 ins Akor 2k 4000 Inst/
_Ok text

- Math math Math (a); - (b) Math, compare Math

Reg., compares, Frmg. I/O, Frog. i/O Compare, mw, Shift Comun.,
movws, jump, s lump, sm shift mg. (a,b); bar code reader
addrmin$ bit left/rlht bit left/right jump (a,

submutine (a),
I/O refresh (a)

Memory, CPU Watchdog, CpUtlemoyr/O Checksum, Checksum, Yes
low battery bua/ba, failures; watchdog. watchdog,

propam error instruction check

Yes Yes Yes Yes Yes Yes Yes

ML, SFC (b), SFC, IL,
FBD (b), FBD, LD
LD (b)

RS 488, RS232. 3S= (b) I RS465 I RS232 I 153 2 RS232C
RS422 RS4 (b) 1 RS232

N Yes No No No Yes

FC,CPM HK, 104, PC MHL PC, CRT HH, PC KIli, PC, CRT 101, PC, CRT
General VDU fb)

FD (b) FD TLI, PD TL, PD FD

PL PL (b), LD (b), FL, LD, FL, LD, !/O FL, ID, I/O PL, LD, I/O FL
SFC-Umng (b) SFC-ising (b)

UL, CSA UL

230 231 232 2 3 3  234  238 236
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MICRO Programmable Controllers - 64 or Fewer 1/0 (Continued)
Company SMLECTIONJJ F SELECT'RON/1 F SIEMENS SQUARE D TELEMECANIQUE

GASKILL GASKIU. ENERGY &
_____________________ UTOMATION

(1) ModelWs FMC 10 PMC 20 S5-IOOU/CFUIao SY/MAX TSX 17.10
Model 50

I. /0 Capabilities
(2) No. discrete I/Os In basik unit 32 24 _ ____ 16 20
(3) Expandabler to 96 144 128 246 120

(4) No. analog inputsaposs. 4 8 2,41 1

(5) No. analog outputs poss. 1 2 1

(6) PIiD control No No No
(7) TTL: true on (1); true off (0);

selectable 11,0) ________

(8) Max. no. of remote 1/0 racks _ ______3

(9) Max. distance for remotes _ _____100 ft
(10) Remote communication rate 9600 Baud

(11) High speed counter module. 50 kHz 500 k~tz
am. rate

(12) Special-purpose module=.

11. CPU & Memory Features
(13) Available no. of relays 12 1024 256 256

Available no. of timers 512 512 16 60 32
Available no. of counters 12 512 16 47 is

(14) Approx. scan time per Akm Sm 5..i -7Oma Sims S Ina
(15) Total memory 32k 32k 2k 4k 8k

(16) Application memory 16k 16k 2k 4k 1k inst.

(17) Math capabilities Math Math *-Math

(18) Enhanced instruction features Indirect addressing, indc addressing, Jump,
data transmisiest, date trastmssio, trainsitional
copy D-block. copy D-bbxdr outputsjupshf 1111, ~

(19) Internal diagnostic features Direct data Inegrad LCD, CPU, program.
aMoms direct data access 110, memory,

_________________________ ____________battery

Ill. Programming & Interfacing
(20) FonteII0? yes e No NO Yes
(21) Higher level lanuage~al Stateet Boolean,

List Gralcet,
Ladder

(22) No&. & types of aerial poets R5232C RS232C 1 RS422 R5465

(231 Configurable 1/0 mapping No No Yes
(24) ProgrammIng by- handhtld (MIDl; 101. PC, 101, PC, 01, PC. 101, PC Hill PC

13M PC or Comp. (PC); specia ASCII bem. ASCII term. CRT
CRT unit (CAT); others (liste) ______

t25) Program loading by. tape loader FD FID NO TL, FD TL. FID
(TI.); floppy disk (FD));
others (listed)________

(26) Hard copy documentation: PL FL LD! Pl.
program listing (PlU; ladder
diagram (LD); 1/0 wiring (1/0);
other Oistod) I_____ L______ _____

IV. Ratings UL, CSA UL, CSA, FM UL, CSA,
__________________________ ____________Class 1, Div 2 IEC 6S&

CIRCLE NUMBER 237 in6 239 24024
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Ti M11CANKK TWODOK TEXAS TOSH)BA WESTIGHOUSE WESTINGHOUSE WESTINGHOUSE

TSX 17.20 Series 1001CC TI 510 a. EX14B a. PC-100 PC-9 a. PC-11O0
b. EX20 Plus b. PC-l1 b. PC-I20
c. EX40 Plus

20,40 4 20 14 (a), 20 (b), 40 (c) 20 (a), 30 (_)

160 2.2 40 34 (a), 40 (b), 80 (c) 30 (a), 12 (b) 256 128 (a), 256 (b)

2 60 16 8 (a), 64 b)

6 60 16 6 (a), 64 (b)

No Yes No No No No (a), Yes (b)
1,0 1 1,0 1,0

__ _ _ _ 1 1 __ _ __

1000 ft sOft 2mi

9600 Baud 600 Baud

2 kHz 10 kHz 2 (a), 4 (b,c) kHz 50 kHz 30 kHz

Common., Relay, trc, 2 (a), 4 (b,c) kiiz 2-cha . analog ASCII/asic, ASCII/Iasic,
network t/c, temp., op input (a,bc), RTD & tic, lTD & Uc

i/f, 110 Sim., RS422 iff (b,c) srvo
others

256 252 236 240 256 192 (a), 1024 (b)
40 63 16 64 60 2% 192 (a), 512 (b)
32 63 16 64 60 256 192 (a), 512 (b)
S ms 10 ms 16.7 m 60 ms sm 20 ms 9 (a) or.7 (b)ms

26k 48k 256 wds lk 320 (a), 1k (b) wds lk-2.Sk 1.Sk/3.5k (a),
2k-16k (b)

3k inst. 32k 256 wds 1k

Math Math, logic Math Math

Fast task, Multitasking, Drum imer Shift reg., fip4lop, ASCII TX. ASCII TX,
ASCII text, multi-dim aays, step4eq., analog & matrix, , matrix,
compute & string variables HS counter setpoabt table functions table functions
transfer blocks

CPU, program, Watchdog, PC, battery, Program, low 16-bit 16-bit
I/O, memory, hardware/software, power battery fault table fault table
battery editor syntax

Yes Yes No Yes Yes Yes Yes

Graphic goolean(lBasc Ladder Logic
Grafcet,
Ladder

RS48 1 RS332 1 TTL (a,b,c) 1 RS232 2 KS232
I RS232/42 1 RS422 (a)

Yes No No No No Yes No

HH, PC, HH, PC, HIt, CRT, Ti !H, PC Hit, PC PC, CRT H (a),
CRT ASCII term. PC. CRT

11, Fu FD, HHP/PROM FD FD,EEPROM TL, FD TL,FD
loader

PL, Ladder, Pt PL, LD LD, comment, PL, LD PL, LD
Grafcet, 1/0 wiring. rg. values, inst.
I/0 xref & res . us

UL, CSA, UL, CSA, FM UL, CSA UL UL
IEC 6sa _

242 243 244 243 246 247 245
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SMALL Programmable Controllers - 65 to 255 I/O
Company ADATE ALLEN- ASC AUTOMATION DAILEY

BRADLEY SYSTEMS SYSTEMS CONTROLS

(1) Model(s) a. DIG PLC-2/02 PC/80 5110 a. CSC01
b. DA1O b. CBC01

1. I/O Capabilities
(2) No.discretel/Osinbasicunit 24 128 16 128 28 (a), 6 (b)

(3) Expandable to 1176 128 112 (a), 90 (b)

(4) No. analog inputs pose. 0 (a), 8 (b) 128 64 64 9 (b)

(5) No. analog outputs pose. 0 (a), 8 (b) 64 32 64 2 (b)

(6) PID control Yes Yes Optional Yes No (a), Yes (b)
(7) TTL. true on (1); true off (0); 1 1,0 1,0

selectable (1,0)
(8) Max. no. of remote 110 racks 48 8 32

(9) Max. distance for remotes 200 ft 2000+ ft 2000 ft
(10) Remote communication rate 19.2 kBaud to 128 kBaud 83 k~aud

(11) High speed counter module, 4 kHz SO kHz 1 MHz 100 kHz 50kHz
max. rate

(12) Special-purpose modules: Paralel post, PID, Badc, ac/dc power, Resolver
network motion cont., motor cont., converter

I/O logic LAN commun.,
cont., t/c & RTD color/graphics
input, contact display
output

II. CPU & Memory Features
(13) Available no. of relays 1k 128 100 2048

Available no. of timers Unlim. 296 16 230 lotal
Available no. of counters 96 296 64 250

(14) Approx. san time per 1k memor 10.m 12.5 ma min 10 ms I ma 2 ma

(15) Total memory 18k lk 256k 2442k 272k

(16) Application memory 16k 1k 512k 8.4k 16k

(17) Math capabilities Math, trig, Math, trig Full math, Math, trig Math (b), trig (b),
fl point optioa fl point rmg. (b), matrix (b)

(18) Enhanced instruction features PID loop File, seq., IBM/PC compat. Arrays, logic Esy.Step config.,
bit shift, other options data handling.
fifo load/unload matrix (b)

(19) Internal diagnostic features Full self-test Power-up, Self-test, options CPU, memory, Memory, CPU
run-time program, 1/O I/O, commun.

Ill. Programming & Interfacing
(20) Force !O? Y" Yes Yes No Yes

(21) Higher level languae(s) PSM, State Basic Ladder-Logic, C, P.M Easy-Step (a),
Logic Row-Charts, Easy-Step

Macro or Basic C Plus (b)

(22) Nos. & types of estria por IRS232 1 RS232/423 Up t 8 252311 1-12 I RS232
1 S2329422OW

(23) Configurable I/O mapping No Yes Yes Yes Yes

(24) Programming by- handheld (HIM); 101, PC (b) PC, CRT HH, PC, PC, Apple U H01 PC
IBM PC or comp. (MC; special cartridge
CRT unit ICRT); othes (listed)

(251 Program loading by. tape loader TL, FD, EIA commun. FD FD, handheld
(TL); floppy disk (FD); EEPROM or IBM/PC
oters (lited)

(2) Hard copy dcume i mL. I ) L, LD PL, LD, or LD PL, LD, V/O,
program listing (FL); laddw Flow-List comments
diagram (LD); /O wiring (1/0);
other (listed)

IV. Ratings Optional, Including UL, CSA, FM
-40 to 60 C range I I

CIRCLE NUMBER 249 250 251 252 253
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See also item 3 under Micro PLCs jor models that can be expanded into this range.

a" CINCINNATI CONTROL DAIGNUAULT EAGLE EAGLE EAGLE
DMUSTRIAL MILACRON TECHNOLOGY SIGNAL SIGNAL SIGNAL

AUTOMATION CONTROLS CONTROLS CONTROLS

a. Minicontrol a. APC-5W Relay 2200 C-100 EPTAK 120 a. Eptak 225 a. Eagle 1

b. Midicontrol b. APC-5OOMCL b. Eptak 245 b. Eagle 2

16 128 32 16 22 32 64

96 (a), 176 (b) 512 (a), 2048 (b) 160 256 66 128 224

8 (a), 40 (b) 64 80 8 16 (b) 32 (b)

S (a), 40 (b) 64 80 4 16 (b) 32 (b)

Yes No Yes Yes No No (a), Yes (b) No (a), Yes (b)

1 1,0 1,0 1.0

"3,(a), 13 (b) 2 0
so00 ft 100 ft 10,000 ft

9600 Saud 9600 laud 7 kBaud

50kHz 150 kHz 1500 kHz 3kHz 15kHz

Op panel (a), Motion coaL, Stepper control Positioning, Simulator,

merge (a), ASCII, RTD & (5 axes), message printout, BCD/binary,

dock (b), tic, switch thumbwheel & BasIc coproc. circuit tet,

tic & RTD (b) counter, rg. ser. display DPDT &
1/0, bulk SPDT relays
data ster.

Memory opt. dep. 40 256 90 256 1500

150 256 256 128 16 128 125

10 256 628 32 16 32 100

4 ms S ma 3ma I me 0s 16 nms (a), 23 ms (b) 0.75 ms

32k 128k (a), 65k 48k 520 steps Bk, 16k 16, 32, 48k

64k (b)

16k 92k (a), 4.8k 32k k, 16k 8, 24, 40k

48k (b)

Math, 8-32 bit Dbl. prec. math Math, logic Math, compare Math, compare 16-bit fixed pt (a),
32-bit fl pt with
transfer func. (b)

PID, positioing,, Shift letright, DSP, Cock, calendar, PID config/tunifg

data tables, Indexed addressin English structured ump, shift rg., on-line Ib), report

drums sp onvert bil. transfer gen (b)

bin.-doc., dec.-bin.

Watchdog (b), Haldwane, StaMus, I/O, Cycle time, 32 CPU errors

runtimer (a), procsar memory hardware, memory, indicated

checksum _ _appl. Proram

No Yes Yes Yes Yes Yes Yes

Ladders. MCL (a) Direct Gracet, Ladder. Basic. C

Logic Elks, sequential Utera

Function Blks, propmmi- a French/lEng.

statements _________ _________ _________

1-3 R232. 51 02=/42/41 135232 8 RSZ3C/422/48 2

Yes No (a), Yes (b) Yes Yes No No No

PC, CRT PC HH, PC HM, K, HH HH, K PC
CRT,

TL, FD FD FD via PL 71, FD FD F)

PL, ILD, ID (a), P1. (b), Self-doc. PL, LD, !/O, FL, LD, xref PL, LD, IO

symbolic I/0 PI, i/O Gracet Rt

prgramming

VDE UL UL, CSA

24 255 256 257 25 . 259 260
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SMALL Programmable Controllers - 65 to 255 1/0 (Continued)
Canpany EAGLE EATON EATON EATON EATON

SIGNAL
CONTROLS

(1) Model(s) a. Eptak 700 DIOOCRA40A DIO0CA40H MPCI a. D200PRO4
b. Eagle 3 b. D200PRO4C

i. 1/0 Capabilities
(2) No. discrete /Os in basic unit 64 40 40 65 112

(3) Expandable to 224 80 120 128 224

(4) No. analog inputs poa. 104 (a), 100 (b) 2 8 56

(5) No. ana~og outputs pos. 56 8 28

(6) PID control Yes No No No No

(7) TTL: true on (1); true off (0); 1,0
selectable (1,0)

(8) Max. no. of remote 1/0 racks 8 3 1
(9) Max. distance for remotes 10,000 ft 4000 ft Ikm

(10) Remote communication rate 187 kBaud 128 kBaud 187.5 kBaud

(11) High speed counter module, 15 kHz 4kHz 100 kHz
Max. rate

(12) Special-purpose modules: InteU. Network
analog I/0 comm., fiber

optic i/f

In. CPU & Memory Features
(13) Available no. of relays 1500 128 128 128

Available no. of timers 125 (b) 64 64 128 128
Available no. of counters 100 (b) 64 64 128 6

(14)Approx. @can time per lk memor 7 ms 3ms I0 ms ms

(15) Total memory 3k 3k 4k 8k

(16) Applcation memory 1k 1k 2k 4k

(17) Math capabilities Math 12-function
math

(18) Enhanced instruction features 32-bit fl point data 10-ms timer, a: on-line program
re, Pl tuning immed. change. 60
on-line, report ge update iW: advanced instr.;

b: realime clock,
trig, tab move

(19) Internal diagnostic features 32 CPU erns Internal External Fault 30 fault
Indicated fault contacts fault contacts contacts contacts

III. Programming & Interfacing
(20) Force UO? Yes Yes Yes Yes Yes

(21) Higher level lanuage(s) Basic, C

(22) No*. & types of serial poets 16 (a), (b) 1 RS232 1 RS232 1 RS232 1 RS232
I RS48S (b)

(23) Configurable I/O mapping Yes (a), No (b) No No Yes Yes

(24) Programming by. handheld (HH); PC H, PC HH, PC HH HI-, PC
IBM PC or comp. (PO); special
CRT unit (CRT), others flhted)

(25) Program loading by. tape loader FD FD FD TL, FD
(TI); floppy disk (FD);
others (listed)

(26) Hard copy documentation: L, LD, /O PL, LD, VO, PL, LD, /O, LD, 1/O ID, I/O,
program Ilting (P); ladder comments, text comments, text comments, text
diagram (LD); /O wiring (I/O);
others (listed)

IV. Ratings UL, CSA UL, CSA UL, CSA UL, CSA

CIRCLE NUMBER 261 262 263 264 268
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See also item 3 under Micro PLCs
for models that can be expanded

into this range.

EATON ENCODER
PRODUCTS

a. DSOOCPU2SA a. 7132
b. D500CPUS0A b. 7252

128 (a), 256 (b) 24
256 (a), 512 (b) 408

60 14

30 6

Yes No (a), Yes (b)

I (a), 3 (b)
lkm

187.5 kBaud 50-19.2 kkaud

50kHz 250 kHz

ASCII, PID, Dual aerial
l"D, t/i, Vmu.,

steppr *humbwbeel,

universal display

1024
128 2

2 me (a), I m (b)
S (a), 16k (b) 52k

4k (a), 8k (b) 52k

12-function Math, trig
math

10 m tiners, Motion *m. (b)
40 advanced
fucdins

30 fault

yes
Bask

1 R5232 17 232/422
13S&22

Yes
HH, PC NH, PC, CRT

TL, FD Quick release
swcke

LD, [0, nl
text

62
UL, CSA

240 267



-AALL Prog;rammxable Controllers - 65 to 255 1/0 (Continued)
ENTERTRON GEC IKLOCNE- MESSUNG MITSUBISHI
INDUSTRIES AUTOMATION MOELLER SYSTEMS ELECTRIC

__________ ROJECTS

()mdlQSKINO0 MIniGEM PS 32 MEPROLOG A2CPU
XMPS

(2) No. discrete I/Os to basic unit 4464 224 128

13) Expandable to asU825 1

(4) No. analog inputs pose. 1 G1 2

(5 No. analog outputs poss.165163

(6) PID control yes__YesNoYes

(7) TTL true on (1); true off (0); 1,011
selectable (1,0) ________ ________ ________

(8) Max. no. of remot I/O racks 9______ 6

(9) Max. distance for remotes SRt10k

(10) Remote communication rate 12 ~u

(11) High speed counter module, 10 kilz 20 kHz 20 kHz 10 kill 50 kilzichan.,
max.-rateI hn

(12 Special-purpose modules: Quadrature Commun., RTD Seria bus Intell. gemv Motion cat.,
decoder W/ for Poo., remote Basic, ASCII,

Suconet console, remote Interrupt,
inteli. display parallel I/F

Ui. CPU & Memory Features
W1.) Available no. of relays S12 1600 4096 512 3k

Available no. of timers 256 100 Ed32 256
Available no. of counters 256 100 64 32 256

(14) Approx. scan tim~e per 1ks memory 1.8 ms 1.25 as 2m Slu5 s 2.25 ma

(15) Total memory sk 2k 32k wds 32k 14k steps

(16) Application mbmoey 6k 2k 32k wds 16k yes

(17) Math capabilities Math Math, logic, Math, shift, Math, compare. 4/8 BCD,
BCD rotate conversion, shifts 16132 bit SIN

(18) Enharnced instruction features Drum counter, dM Signal processing, RTC, comparators, Pulse timers, Compares, fifo.
rMg. m 1te coot., data movement fife, UifoTGEN, program biks., seq., shifts,
pacduupack, parajserial fault message ASCII cony.,
lnktdnatch. corny, sent on serial logic (16 bit)
comtpare _______port, others

(19) Internal diagnostic feature software Full system Pro%, diag. Scan time. I/O 236 diag, relays.
monitoring with word data exchange mon., 256 dlag. reg.
fault shutdown logic, hardware

Ml. Programming & Interfacing
(20) Force 110? No yes yes Yes 'Yes

(21) Higher level languges) Assembler Enhanced Sucosoft Ladder, Assembler,
relay logic Statement Basic

List

122) Nos. & tye of serial porte 1 32 RS4%SS53 S !RS42
8 RS485 4 R,3232

(23) Configurable 110 mapping NO No NO Yes Yes

(24) Programming br. handheld (GH); PC PC. system PC Ill, PC HH. PC.
IBM PC or comp. (PC); special programmer CRT. other
CRT unit (CRT); others (litedi) _____________

(23) Program loading by. tape loader FD TI FD FD TI.. FD
(ME); floppy dias WD);
others (listed)

426) Hard copy deeumentatimn PL,LED FL,LED, text PL,LED, YO PL,LED, VO PL,LED mf,

progras listing (FL); ladder coils used,
diagram (LD); i/O wiring 411O); comments
others (listed) I________ _________________

IV. Ratings Pending CSA. IEC

CRL'266 269 270 271 272
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Se also item 3 under Micro . models
that can be expanded into arge.

.14-E RELIANCE RELNCE SAAB AUTO.
1L"CTRIC ELECTIC ELECTRIC MATION-EVERE'i7

CHARLES

Shak XL Aubhaft 20 AntoMat 30 a. PC9G
b. PCC%93

o 224 (a), 160 (b)
160 236 51L2 1024

8 16" 128 256

8 16 128 32 (a), 64 (b)

No Yes Yes No (a). Yes (b)
1 1 1,0 1,0

4 12
1000 ft 6000 ft

256 kMaud 000 kMaud

10 kHz 100 kHz

Multbu, t/, Pulse encoder
cwter INf, serv

coat.

545 Yes Yes 1336
96 256
96 256
S me 10= 1.6 m 0.9-1.3 m
lk.2k 2k 4k, Sk IM

1k 2k 2k sk 64k

Math, compare Math, ComPAr Math

Shifts, Mes, Moves.
lumps, dream. drum,
huth GOTO, labla,

logk bit madp.

Yes EXAteusive Yes

Ye Yes Yes Yes
No No

1 3232 18232 3 3S232 4Ww
per module S (hi RS232C

No Ye Yes Y"
i, PC HH, PC, PIC. PC, HH. PC,

CRT CRT CRT (b)

TL. FD FD FD

IL, LD, I/o PL, LD, I/O PL, ID, I/O PL, LD, ItO

UL UL

27) 274 26
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~MALL Prt -rammable Co- Lrollers - 65 to 255 I/C --ontinued)

company SELECTONJ) F SIEMENS SIEMENS TELEMECANIQLIE TEXAS
GASOCLL ENERGY & ENERGY & INSTRUMENTS

ALITOMATION ALTTOMATION

iii 0de40s11) PMC 30 a. SS-IOOU/CPU1O2 S5.IISU/C7U941 a. TSX47.l0 JR TI 100
b. SS-10OU/CPU103 b. TSX47.20 JR

1. /0 Capabilities
(2) No. discrete [/0. in basic unit 6________160 6

(3) Expandable to 256 236 512 160 128

(4) No. analog inputs poss. 4, 2 8, 16 16 (b)

(5) No. analog outputs poss. 128 2 4,8 a i(b)

(6) PWD control No (a), Yes (b) NO No No

(7) TTL true on (1); true off QO; 0
selectable 41,0) ________ ________

(8) Max. no. of remote [/0 racks 8 3 19_______ 1

(9) Max. distance for remoteis 600 In 100_____ fit__3280_ft 3 ft

(10M Remote communiation rate 187.5 k~aud 9600 Baud 9600 Baud

(11) High speed counter module, 2x 100 k~la 5W kHz SW kHz 2 kHz
max. rate___________________ ___________________

(12) Special-purpose modules: AID, DIA, eilcmu.()

high speed 1/0 (b).
Modbus i1(1(b)

11. CPU & Memory Featue
(13) Available nto. of relays 8 1024 (a), 2048 (b) 2048 256

Available no. of timeris 512 32 1a), 128 (b) 12n 24 2
Available no. of countes= 512 32 (a), 128 (b) 128 16 8_______

(14) Approx. Kan tm per lk me mw 3 o5(a), 2 INms 30m 1000 5 mis

(15) Total memory 32k 4k (a), 20k (b) i~k wds 3k1

(16) Application memory 32k 2k (a), 8k (b) 101c wds 14k imutr. 1k

G1., Math capabilities MaUtb 4. amath mt
math (I

(18) Enhanced Instruction features lIndirect addressing ASCII chair.
date transslon, handll4
copy D-block, coput &
Jump, sit transfer blka.

(191 Internal diagnostic features Interated LCD, CPU, memory.
direct data accesa [/0

Ill. programming & loineiing
120) Foret 1/? Yes No Yes Yes Yes

121) Higher level lrssanpage Stateet IStaeent Graphic Girafcet,

(22) Nags. & types of serial pors RS232C RS232148(b) Proprietary

(231 Configurable 110 ma" NO Yes No

(24) Programming by: haudlheld (MO., NH, PC, NH, PC, HH, PC, HH, PC, H
IBM PC or coop. (PO; speal ASCII teems. (MT CRT CRT
CRT onit (CRT); others (liste)" _____ ______ ______

125) Program loading br. tape loader FD No TL, FD TL
(Ti.; floppy disk (FD);
others (listed)

(26) Hard ccp" documentatlorn PL Ladder, Graet, LD
program listing (PL); ladder [/0 wiring,
diagram (LD); I/O wiring (1/0); WO0 xe
other (listed)________ _______________________

IV. Ratings UL, CSA UL, CSA UJL, CSA.
IEC 65e ______

ORI %I3ER 27128 7 0 281__



* also item 3 ,. - '.I;cro PLCs tr
that can be expanded into this rang,

MXiTMAS TRICONEX WESTINGHOUSE
INSTRUMENTS INST"UMENTS

STI TLSlC TRICON a. PC-IiO
b. PC-700

255 258 128

512 2368 512

Threshold 2n Zr2 In (a), 32 Mb)

255 284 128 (a) 32 (b)

No No Yes Yes
0 1,0

24 13 8 (b)
so ft 6km 2 m (b)

373 k~aud 9600 Baud (b)

50k 20 kHz 50kHz

All modules ASCILUasic,
triple-voting; RTD & t/c,
full ran e t/c sav )

511 1 bytelement 1024 (a), 512 (b)
200 256 4 byte/eleuent 512 (a), 256 (b)
200 256 4 byt/element 512 (a), 256 (b)

5.3 ma 4 m 2 ms .7 (a), 8 (b) ms

4k wds 3.5k wds 769k 2k-l6k (a),
2/4/k (b)

4k wds 3.Sk wda 350k

math Math, trig M1th

Matrix Shift, pack ASCII TX
drum seq., unpsdi p es matrix
data handling OWL, odbs table

Complete online 16-bit fault
system, power, table

I/O

Yes Yes Yes Ye

Tag namme &
func. blk. prog.,
programing with
std math strings

I RS 2 RS232

No Yes Yes No (a), Yes (b)

HP "RT HH. PC. PC HH (b)
CRT. DEC, TI PC, CRT

TL. FD FD FD T1- FD

Yes Yes FL, LD, I/O, FL, LD
xref, tag name

UL. CSA, UL. FM. CSA UL, CSA UL (a)
NEMA

282 L,2 284 26
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IEDIUM Programma. - Controllers -- 256 to 102' I/O
Cr -.,x,.. y ASS ADATE ALLEN- ALLEN- ASC

INDUSTRIAL BRADLEY BRADLEY SYSTEMS
SYSTEMS

(1) Model(s) Master Piece 200 a. System 10 PLC.S/VME a. PLC-2i16 PC/"
b. System 10, b. PLC-2/17

Series E c. PLC-5/12

1 /O Capabilities
(2) No. discrete /Os In basic unit - 1000 24 768 256 (a), 512 (b,c) 64 +

(3) Expandable to - 1200 1176 512

(4) No. analog inputs poss. - 1000 1-96 256 128

(3) No. analog outputs poss. - 400 1-96 256 64 64

(6) PID control Yes Yes 196 Yes Optional

(7) TL. true on (1); true off (0); 1 1,0 1,0 1,0
selectable (1,0)

(8) Max. no. of remote l/O racks 48 6 32
(9) Max. distance for remotes 200 ft 10,000 ft 20+ ft

(10) Remote communication rate 153.6 klaud 19.2 kBaud 57.6 kBaud to I MBaud

(11) High speed counter module, 100 kiLz 4 kHz 50 kHz 50 kHz 1 MHz
Max. rate

(12) Special-purpose modules& Parallel port, PID, Basic, PID, Basic, ac/dc power,
network motion cont., motion coant., motion cont.,

/O logic cont., 1/0 logic coat., LAN/MAP
RTD & t/c input, RTD & t/c input, commun., RF or IR
contact output contact output tolecommun., color/

graphics display,
s.s. disc storage

IL CPU & Memory Featum
(13) Available no. of relays 14k 3k (a), 6k (bc) 512

Available no. u. timers Unlim. 4600 29 (a,b), 2000 () 32
Available no. of counters % 4600 296 (ab), 2000 (c) 128

(14) Approx. san time per 1k memoery User defined 10 ma (a), 5 ma (b) 2 ms 12.5min(a,b),2(cms 5 ma

(15) Total memory 2 M 18k (a), 14k 3k (a), 6k (b,c) I M
40k (bi)

(16) Application memory I M 16k (a), 14k 3k (a), 6k (b,c) 1 M
32k (b)

(17) Math capabilities Math, trig Math, trig, Math Math (a,b,ci, Full math. fI point
fR point trig (a,b) and/or array opt.

(18) Enhanced instruction features PID, ratio, Integrator, PO loop File, seq., File, seq., IBM/PC/AT
ramp, filter, bit shift, fifo bit shift, fifo compatibility.
func. Sen. load/unload, load/unload, Other options

PID, others PID (bc), others

(19) Internal diagnotik features Memory, Full self-test Power-up, Power-up, Self-test. Options:
hardware, rnmntime run-time I/O, commun.,
program checks others

UL Programming & Interfacing
(20) Force 1/0? Yes Yes Yes Yes Yes
(21) Higher level language(s) Function PSM, State Basic, Seq. Basic (a,bc), Ladder-Logic

Block Logic Function Chart Seq. Function Boolean, Flow-
Chart (c) Charts, Basic, C,

Macros
(22) Nos. & types of srial ports 4 RS232 I RS232 (a), 1 RS232/423 I RS232J423 Up to 32 RS232/422

2 RS232 or 1 RS232/427/523 1 RS232/14423
RS422 (b)

(23) Configurable 1/O mapping Yes No Yes Yes Yes

(24) Programming br ha mdheld (11); i-H, VAX HIl, PC PC PC (a,b,c), HH, PC,
IBM PC or comp. (P); special CRT (a,b) cartridge
CRT unit (CRT); others listed)

(25) Program loading by. tape loader FD ID TL (a,b), EIA common.
(TI.); floppy disk (FD); FD, EEPROM or IBM/PC
others (listed)

(26) Hard copy documentatin Complete FL, /0 PL, LD P., LD FL, LD, Flow-Chart
program listi"g (PU; ladder 8raphic or Print-Out
diagrsm (LD); 1/O wiring (1/0); block
others (listed) I_ _

iV. Ratinp Optional

CIRCLE NUMBER 286 27 218 289 290



-ee also item 3 under Micro an .f.' PLCs
;or models that can be expanded : thi s range.

AUTOMATION BAILEY B&R CINCINNATI
SYSTEMS CONTROLS INDUSTRIAL MILACRON

AUTOMATION

5200 a. NLMM02 Multicontrol a. APC-500 Relay
b. NMPC01 a. CP40 b. APC-53O MCL

b. CPSO

384 16 (a), 0 (b) 256 32

1024 1024 (a), 512

1336 (b)
192 128 64

192 128 64

Yes No Yes No

1

2 32 31 (b)
1000ft 5000 ft

83 kBaud 9600 Saud

1G0 kHz So kHz (b) 50 kHz 150 kHz

Resolver Poeitioning, Motion cant.,
converter memory, ASCII, RTD &

arithmetic, tic, switch
parallel I/O, counter, bulk
Basic data storage,

reg. sr. 110

400 1024 (a), 2C48 (b) 600 Memory opt. dep.
100 total 150 256
100 150 256

lae 20 (a), 2 (b) ms 4 as (a), 2.S ms (b) 5 am

60-892k 56k (a), 176k (b) 32k (a), 128k (b) 128k (a), 64k 4b)

32-4k 16k (a). 32k (b) 16k (a), 74k (b) 92k (a), 48k (b)

Math, trig Math (b), Math, trig, Dbl. prec. math
trig (b) fl point

Data handling, PID, Shift rightleft,
commun. (a), positiuning, indexed address,
matuix (b) data tables, get/put,

drum convert bintdec.,
dec/bin

CPU, memory, Memory, CPU, Watchdog, Hardware,
program, 1/0 1/0, commun. runtimer, pmcesOf

checkum_

No Yes No Yes

C. FlJM Ladders. MC. (a)
Logic Blocks,
Function BlkA.,
Statements, Basic

1-12 2 RS232 (b) 1-10 RS23214221485
1S232, RS488

Yes Yes Yes No (a), Yes (b)

PC, Apple II H-, PC PC, CRT PC

FD FD, handheld FD, TL FD

LD 1., LD, O, nL, LD, LD (a),
comments (b) symbolic n (b), I/O

CSA, UL VDE UL

M 293 294
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DIUM Pr,..grammable iuntro11ers - 256 to 1023 1/0 (Q-untinued)
Company COMPUTMER CONTROL CONTROL DIVELBISS EATON

DYNAMICS TECHNOLOGY TECHNOLOGY
______________________ SALES ______

(1) Model(s) a. CDt-LAD-LOG a. 2400 IE 28001EA PlC-BB-15 D500PU20
b. CDt-LAD-REM b. 2800 IE

I. IiO.Capablles
(2) No. discrete I/Os in basic uit 24 1_______

(3) Expandable to 576 (a), 6W0(b 128 (a), 256 Wb 2048 249 224

(4) No. analog inputs pass. 1644 Wa) 32(is), 64(bW 64 20 S6

(5) No. analog outputs pass. 0-16 (a), 32 (a), 64 (b) 6428
_________________________________ 2-158 (b) ___________________

(6) Pit)control Yes Yes Yes No Yes

(7) TTL- true on (1); true off (0); 1,01
selectable_(1,0) ________ ________

(8) Max. no. of remotel1/0racks 256(bW 7 7

(9) Max. distance for remotes 5000 ft (b) 1000 ft 1000 ft 1 km

(10) Remote comamunication rate 9400 gaud (b) 230.4 kBaud 230.4 kBaud 187.5 kilaud

(11) Highm speed counter module, 1000 kHz 1000 kHli 10 kHz 50 kHz
am. rate___________________ __________

(12) Specia-purpose modules: RTD & tc Up to 8 (a) 16 axes stepper, Timer/counter, ASCII. PID,
or 16(b) axes 16 axes servo access, RID,tic
stepper, 4 (a) P1C-A3-01,
or 16(b) axes presto,
sero PIC-PI-02

U. CPU & Memory Features
(13) Available no. of relays Gm0 0 0 491 102U

Available no. of timmr 120 256 1024 32 128
Available no. of counters 100 1000 1000 32 96

(14) Appror. sart time per 1k memsory 2 me 1.5 ma 1.5.ms 2 ma 2 mas

(15) Total memorvy 1 M 256k 256k 16k max 8k

416) Application Memory 32k 4Q 12k 4k

(17) Math capabilitias Math. compare Math, logic Math, logic 12-function
Math

(1S) Enhanced instruction features Shift reg.' English English 10 ms timers.
steppe drums, structured structured 60 advanced
fusaps Ifunctions

(19) Internal diagnostic features Status, 1/O, status, Ito, Watchdog 30 fault
memory Memory contacts

MI. Proprammring & interfacing
(20) Force I/O? Yes Yes yes Yes Yes

(21) Higher level LanguagetL Direct seq. Direct1
pfrpmming sequential

programming

(22) Nais. & types W seral poets 2 RS232 o 2 RS232 2 1S232 I RS232
RMS

(23) Configurable V0O mapping Yes Yes Yes No Yes

(24) Propramuslng by- handheld WHH; PC H. PC NH. PC HH. PC mH, PC
IBM PC or amp. (PC); special
CRT unit (CRT); other. std ___6___

(25) Program loading by: tape loader FD FD via PL FD via PL ID TL. FD
(TI.; flopp" disk (WD);
others (listed) _______

(26) Hard copy documentation: LID Seif-doc. Self-doc. LD, I/O. text
program listing (FL); ladder PL FL
diam (LD); I/O wtring (1/0);
others (listed) ______________ ______

IV. Ratngs ULU.CS

23ER29" 297 _______2 L"



item 3 unat- Micro and Sn: LCs for models that can be expanded into this range.

ECOC FUiNAS FURNAS GE FANUC GEC GIDDINGS & GIDDINGS
PRODUC S ELECTRC ELECr C AUTOMATION LEWIS & LEWIS

PROJECTS ELECTRONICS ELECTRONICS

Synergy a. %JM40 a. PC/% Seris Three a. GEM I0'131 a. Pic 49 a. PIC 409
b. 96KM40 b. PC96 Plus b. GEM 810100 b. Pic 49 Tubo b. PIC 409 Turbo
c. 96KMGO

48 40 (a,b), 60 (c) 256 (a), 480 (b) 64 512 232 256
12.000 80 (a.b), 120 4c) 400 2032

8 6 (b), 12 (c) 56 24 32 64 120

2 4 (b), 6 (c) 56 12 32 4 120

Yes No Yes No Yes Yes Yes

0 1 1,0 1 1,0 1,0

250 7 (a), 14 (b) 7 32 1 7
4000 ft 300 ft 10,000 ft (a) 4000 ft

2.4 MBaud 19.2 kBaud 19.2 kBaud 19.2 klsud 180 kBaud 76.8 kBaud

250 kHz 2 kHz 10 klaz 20 kHz 12 MHz 12 MHz

Servo cont., Peer-to-peer, System interation, I/O simulator, LCD outputs. FIA. motion FPA sinas
serial commun. timer access timer/counter built-in proprammer thumbwheel, cont., Intel. OML, inlet!
with 1/0 counter computer i/f access, message, keypad, alpha-ram =-=n. common.

computer i/f display, t/c &
RTD, Coronet (a),
GEMataft (a)

168 256 (a), 768 (b) 368 38.4k 3800 38E0
32 128 (a), 256 (b) 128 2400 512 512
32 128 (a), 26 (b) 128 2400 900 900

7 me 5 ms 12 ma 0.25 (a), 1.25 (b) me .57 me .57 ms
32k 10O0 (a), 2000 (b,c) 2k (a), 5k (b) wda 4k wds 22.5k (a), 12k (b) 40k 288k

steps

15k 1000 (a), 2000 (bc) 2k (a), Sk 4b) wds 4k wds 22.5k (a), 12k (b) 40k 2Mk

Math, trig Math (b,c) + U - s) Math, compare Math, logic Full math, Full math,
math (b) 3-byte wide, 3-byte wide,

1400 statements 1400 statements

Immed. update, Func. b
lk
.prog., Data moes, Procm cant., 200 call 200 call mutns;

BCD in/out, moves, ?ID, dock, BCD-BIN-BCD, data move, routines; 24xis 2-axzi dre. &
comparison Boolean shift left/rigit matla clue. & 3-axis 3-axia linear

linear lnterp. interpolation

Memory, CPU. WDT, Full system Startup, Start-up, real-time
serial i/f low battery, monitoring with real time debug, debug, voltage &

parity fault shutdown volt. & scan monitors scan monitors

Yes Yes Yes Yes Yes Yes
Forth Step Ladder Enhanced Relay Assembly, Assembly,

Logic PIC Motion Pic Motiom

500 RS232/422/485 1 RS422 3 (a), 2 (b) ll2 RS232 &2 RS232

No No No Yes Yes Yes Yes

HH, PC, CRT HH, PC, PC Built-in 1*14. PC, System Ht, PC, PC, Lear
other PC, LCD portable popammer Lear Slegler Siegler

FD TL FD TL TLFD TLFD TL,FD

PL P1, LD, 1/0 PI, LD, IO PL, LD PL, LD, text PL, LD, I/0 PL. LD, i/O

UL, CSA UL, CSA

300 301 302 303 304 X05 3a6
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ME J'M Programmable Controllers - 256 to 1023 1/0 (Continued)

Company HONEYWELL HONEYWELL HONEYWELL IDEC INDUSTRIAL
[PC IPC IPC CONTROL

LINKS
(1) Model(s) a. 620-10 620-20 a. 620-25 a. FA-2 a. 1100

b. 620-15 b. 620-35 b. FA.2J b. il00/OEM

I/O Capabilities
(2) No. discete 1/Oa in basic unit 256 or 512 256 or 512 512, 1024, 2048 512 (a), 256 (b) 32 (a), 64 (b)

(3) Expandable to 256 or 512 512 512, 1024, 2048 512 (a), 256 (b) 256 (a), 4000 (b)

(4) No. analog inputs poss. 6 (b) 8 8 32 (a), 16 (b) 128

(5) No. analog outputs poss. 4 (b) 4 4 16 64 (a), 128 (b)

(6) PliD control Yes (b) Yes Yes Yes Yes

(7) TTL true on (1); true off (0); 1,0 1,0 1,0 1.0 1.0
selectable (1,0)

(8) Max. no. of remote /O racks 2 11 32 30 126
(9) Max. distance for remotes so ft 10,000 ft 10,000 ft 3000 ft 5000 ft

(10) Remote communication rate Parallel 100 kBaud 100 kBaud 9600 Baud 38.4 kBaud

(11) High speed counter module, 1000 kHz (b) 100 kHz 100 kHz I kHz, 10 kHz 8 kHz
max. rate

(12) Special-purpose modules: Commun. i/f, Commun. i/f, Commun. i/f, Computer link, Serial ASCII,
sys. diag., motion sys. diag., motion cont., ext power unit, RTD (b),
cont., ASCII (b), motion cont., sys. diag., fiber optic link, alpha-num
t/c (b), BCD ASCII, tic, ASCII, tic, cable link, display (b),
cony. (b), BCD conv., BC) corv., loger events mo. higb-density
pulse input (b) pulse input pulse input analog 1/0 (a.bl

U. CPU & Memory Features
(13) Available no. of relays 512 512 2048 480 (a), 608 (b) 256

Available no. of timers 256 1024 2048 168 (a), 160 (b) 256
Available no. of counters 256 1024 2048 80 256

(14) Approx. scan time per 1k memory 10 ma 3.3 me 2.5 me 3 ma I ms

(15) Total memory .5, 1, 2.4k 2, 4, 8k 2.32k 4000 wds 32k or 48k

(16) Application memory 4092 wds 4092 wde to 32,764 wds 3940 wds

(17) Math capabilities - (a), math (b) Math Math b: math, Math,
logic, conversion 32-bit

(18) Enhanced instruction features Push/pull (b) Push/pull Matrix, Networking (a,b), Serial ASCII
push/puU peer-to-peer comm. in & out,

(a), step adv. (b), network commn.
indirect inst. (b), ext
disJpt (b) pg br (b)

(19) Internal diagnostic features Extensive Extensive Extensive b: CPU, ROM, RAM, CPU,
program, syntax, checksums,
battery, run/stop watchdog

II. Prolramming & Interfacing
(20) Force LO? Yes Yes Yes Yes Yes
(21) Higher level language- With MiniCOP (b) With MiniCOP With MiniCOP Ladder Logic, Ladder Logic,

Boolean Lotus 123, Forth
Pascal (Tubo? (al

(22) Nos. & types of serial ports 2 RS232J422/485 4 RS232/422/485 4(a), 8 (b) RS232C/R422 9 RS232/422
RS2.2/422/4&5

(23) Configurable 1/O mapping No No No No Yes

(24) Programming by- handheld (H]); PC, CRT, PC, CRT, PC, CRT, HH, PC PC
IBM PC or comp. (PC); special laptop laptop laptop
CRT unit (CRT); others (listed)

(25) Program loading by- tape loader TL,FD TL,FD TL, Fr) TLFD
(TL); floppy disk (F);
others (listed)

(26) Hard copy documentation: P11. LD PL, LD PL, LD PL, LD, 1/O PL, LD, xref
program listing (PL); ladder
diagram (1.D); 1/0 wiring (1/O);
others (listed)

IV. Ratings UL, CSA, FM UL, CSA, FM UL, CSA, FM UL (b)

CIRCLE NUMBER 307 306 309 310 311



-'-e also item 3 -..er Micro and Sma.. PLCs for models t&~ --. be expanded into this ran ge.

KLOCICJV- MITSUBISKI NODICON MODICON OMNICON ONIRON1OM N
MOELLER ELECTRIC ELECTRONICSCRNS

PS316 A1CFU a. 984-380 a. 984-410 53000 C120 C200HI
b. 96438 b. 94-60

_ _ _ _ _ _ _ _ _ _ _ _ c. 9m- _ _

256%_______ 0 256 32 314
2032 256 256 1024 (a), 236 1432

_______________________________________2046 (b,c)

64 64 32 224 (s~c), 4164
________________ ________1900 (b)

64 16 32 224 (a,c). 4162
________ ________ ________1900 (b)

Yes optional Yes Yes NoYeYs
I I 1 1 .

6 64 1 6 (a,c), 31 (b) 32 66
S ft 10 km 20 ft SCO0ab). 13,000(c) ft 1000 ft U~nlimited Unlimited

1.25 N4Daud 710 kHz 1.3 Nmlaud 62.3 bps 187.5 kBaud 187.5 kljud

20 kHz 30 klIrcdan., 50 kHz 50 kHz 50 kHz30Skz75Hz
______________2 chin.

Serial bus Motion coat., CAM emulator, CAM emulator, Motion control Commun. Commun.,
itf (fo interrupt, PID, ASCII/Daulc PID, ASCIVt~aslchi-dnty10
Suconet. Baicdrcttm..nus
remote bus ill ASCII, .I/Bsc

parallel i/f psto ot

2048 3A 2046 204817968
64 256 1920 1920 Variable 128 512
64 236 1920 190 128 512
.5om 2.2 ma am S (a), 3(b), .73 (c) m in I ms10 s 0.75 ms
32k wds 6k sleps 8k 10k (a,c), 18k (b) 32k 2.6k wds Sk

32k wds 5k 7k (s~cd, 13k (b) 30k 2.6ik wds 7k

Math, shift, 4/8 BCD Dbl. int math, Dbl. mnt math. Math Math, f! point + Math, fl point +
rotate 16d32 bit BIN trig, fl point trig, f! point 4/8 digit

RTC, coparators. Seq.. fit., Seq. PID, Submutlnes (a,b), Compare, Extensive
fifo, life, TGEN, jump, logic table & block seq., FID, move.
panaerial cony. (16 bit), shift, functions, stat tsble~bIhk/*tatu shift rs., jump

compares, block, subroutines functions
ASCII conv.

Frog. diag, word 236 diag. relays, Memory & Msg. Memory & reg. CFU/mev./I/O Extensive
256 diag. rg. checksums, checksums, bus/bat, failure;

_________power supply power supply program error _____

Yes Yes yes yes Yes Yes Yes
Sucosoft Assembler. C C (ab)

4 5483 43RS=2I (a) or 2(b) 12 (ac) or
354R RS232 32 (b) RS231

No Yes yes Yes Yes Yes yes ____

PC HH, PC, PC, CRT PC, CRT RH, PC, CRT H. PC. CRT
CRT,

__________ other _____

FD FD, nL TL. FD TL, FD TL. FD TL, FD

PL, LD, 110 PL, LD,uxef LO ID LD PL, LD PL, LD
coils used,
commnents

CSA, IEC Pending Pending (a.b). UL UL. CSA UL, CSA
___________ __________ _________ I ULJC!SA (c) I____________

312 313 314 13 316 37318
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I DIUM Prgrammable Controllers - 256 -o 1023 IVG Continued)
company OMRON SIEMENS SIEMENS SQUARE D SQUARE D

ELECTRONICS ENERGY & ENERGY &
AUTOMATION AUTOMATION

(1) Modelis) C300 a. SS-IISU/CPU942 $5-135U/90 SY/MAX a. SY/MAX 400
b. S5-IISU/CPU943 Model 300 b. SY/MAX SO0
c. SS-II5U/CPU944

1/0 Capabilities
(2) No. discrete IOs in basic unit 512

(3) Expandable to 512 2048 2048 256 40,000 (a), 2000(b)

(4) No. analog inputs pot. 32 8, 16 8, 16 16 16

(5) No. analog outputs poss. 32 4,8 4,8 4 4

(6) PID control Yes Yes No Yes Yes

(7) TTL true on (1); true off (0); 1,0 1.0 1,0
selectable (1,0)

(8) Max. no. of remte /O racks 64 63 16 112

(9) Max. distance for remote Unlimited 10,000 ft 15,000 ft 15,000 ft

(10) Remote communication rate 187.5 kBaud 187 kBaud 31.25 kBaud 31.25 kBaud

(11) High speed counter module, 50 kHz 100 kHz 100 kHz

max. rate

(12) Special-purpose modules: Commun., 20 M hard drive, Stepper, Stepper,
PRD, position high-speed analog, BCD Vo, BC I/o,
conL, ASCIJ/ dosed-loop cont., data loger data logger
Basic, interrupt valve coAt.,

positioning, others

!I. CPU & Memory Features
(13) Available no. of relays 1483 2048 256 14,480 (a), 2000 4b)

Available no. of timers 12 128 .112 4000 (a), 200e (b)
Available no. of counters 123 123 112 4000 (a), 2000 (b)

(14) Approx. scan time per 1k memorY 10 ma 18(a), 10(b), 3(c)ms 30 mn/2k 2.9 ma (a), 2.6 ams W

(15) Total memory 5.3, 8k wds 10k (a), 76k (b), 0.5k, 1k, 2k 4/8/16k (a),
16k () 2/4/&k (b

(16) Application memory 5.3, 8k wds 42k (a), 46k (W), 0.5k, 1k, 2k 4/3116k (a),
96k (c) 2/4/8k (b)

(17) Math capabilities Math, fl point +, Math FI point Math Math, fl point
410 digit,
BCD/Bin conv.

(18) Enhanced Instruction feature. Extensive Read, write, PID (a),
alam, print seque"cer (a),

ASCII input (a)
subroutines (b),
matrix (b)

(19) Internal diasgnostic feature. Extensive S diagnostic 7 (a), 5 (b)
LEDs diagnostic LEDs

Ill. Programming & Intedcin
(20) Force 1/O? Yes Yes yes Yes

(21) Higher level language(s) Statement Assembler, Basic in Bask in
List Basic, dataloggir dataloer

C compiler

(22) Nos. & types of mal perts 2 RS422 2 RS422

(23) Confiprable I/ mapping Yes Yes Yes Yes
(24) Programming by. handheld (H; HH, PC, CRT H, PC, CRT P, CRT HH PC, ,H, PC,

IBM PC or comp. (C); specal CRT. other CRT, other
CRT unit (CRT); others (lied)

(25) Program loading by: tape loader IL, FD TLFD TLFD
(TL); floppy disk (WD);
others (listed)

(26) Hard copy documentation: l. LD LD, annotation LD,
program listing (PL); ladder annotation
diagram (LD); 1/O wiring (i/0);
others (listed)

IV. Rating UL, CSA UL, CSA UL., CSA, FM UL, CSA, FM
Clas" I, Div. 2 Class I, Div. 2

CIRCLE NUMBER 319 320 321 322 323

73



3 under Micro and Small PLC.; ,izodels that can be expanat.. this range.

TEiEMEC.ANIQUE TELEMECANIQU(E TEXAS TEXAS TOSHIBA TOSHIBA UTICOR
INSTRUMENTS INSTRUMENTS TECHNOLOGY

a. TSX 47.10 a. TSX 67.20 PM550C a. TI 530T EXI00 a. EX250 4001
a. TSX 47.20 b, TSX 87.30 b. T1 525 b. EX5W
c. TSX 47.30 c. TI 535

256 256 (a),'512 (b) 235 384 (a), 512 (b,c) 240 256 (a), 512 (b) 384

S12 1024 (a), 2048 (b) 1023 752 768 (a, 1024 (b) 384

16 (b), 32 (c) 168 (a), 256 (b) 1023 64 32 (a), 64 (b) 256

4 (b), 8 (c) 42 (a), 64 (b) 1023 64 32 (a), 64 (b) 64

No (a,b), Yes (c) Yes Yes Yes Yes Yes Yes

0 1,0 (a,b) 0 1
1 (a) 

I
I (a), 4 (b) 14 15 15 12

3250 (a), 6500 (b) ft 1300 (a,b) 10 0 (c) ft 10 m 100 m 4000 ft
2.5 MHz 1 MBaud 187.5 kBaud 187.5 kflaud

2 (a,b), 40 (c) kHz 40 kHz 50 (a), 10 (b,c) kHz 100 kHz 50 kHz 150 kHz

Modbus i/f (b,c), Modbus i/f, Network Vf (a,b,c); High-speed PID, ASCII/Basc, Multiplex,
high4peed I/O (b,c), high4peed 1/0, RTD & t/c (a), dc input RTD & t/c, latching
network (b,c) axis cont., mvo (a), high- * stepper cont.
seial commun. (b.c) network, speed pulse (a),

serial commun. ASCII (a),
Basic (a),
others (a)

256 (a,b), 512 (c) 512 800 511 1024 1024 44
24 (a,b), 160 (c) 160 256 128 129 64
16 (a,b), 256 (c) 256 256 96 96 64

2 (a,bY, 0.5 (c) ms 0.2 ma 8 ms .93 (a,c), 3.8 (b) m 0.9 ms 0.9 (a), 0.75 (b) ms 10 ms

32k (a,b), 112k (a), 7k wds 20k (a,c), 4k 4k (a), 6k
112k (c) 256k (b) 8k (b) wds 8k (b)

4k (a,b), 16k (a), 7k wds 20k (a,c), 4k 4k (a), 6k
16k (c) inst. 32k (b) 8k (b) wds 8k (b)

Math Math FI point, Math Math, trig, Math, trig, Math
compare 32-bit +, - 32-bit +, -

Fast task fa,b), S tasks, Matrix, drum Immed. I/O 1Irmed. I/O Table, seq.
4 task (c), index 1/O, seq., data update, func. update, func.
index I/0 (c), table trander handlg Sen., table gens., table move,
compute & move, andor/wr and/or/-or,
transfer blks. blk. transfer

CPU, memory, CPU, memory, Yes CPU, I/0, CPU, I/O, Self-check
/O i/o program, prog., low battery

bate

Yes Yes Yes Yes Yes Yes Yes

Graphic Grafcet, Graphic Ladder Logic, Ladder Logic, Relay
Ladder, Grafct. Function Block Function Block
Literal (c) Ladder,

Uteral
RS2321485 (b,c) RS2324O I RS232 I RS232 (a,b.c) I RS485 I RS422 I RS232

I RS422 I RS422 (a,c)

Yes Yes No Yes Yes Yes Yes

HH (ab), PC, CRT -- , CRT -- , PC, K-I P, H-, PC, PC, CRT
PC, CRT CR, special LCD special LCD

______ ________ ________ DEC. TI typ tye______
TL, FD TL, FD FD FD FD, TL, FID, TL, TL, ID

EEPROM EEPROM

Ladder, Grafcet, Ladder Yes Yes LD, comment., LD, comment., L.L, ID, 1/O
!/O wiring Grafcet, reg., values, eg, values,
I/O xref I/O xref, lnst. & reg. usage inst. & Msg. usage

I/O wiring

UL, CSA, UL, CSA, CSA UL, CSA, UL, CSA UL, CSA
IEC 6%a IEC 65a FM (a), IEC (bc)

324 325 326 327 328 329 330
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RGE Programmable Contrllers - 1024 or More I/O
Co- any AD ALLEN- ALLEN- ALLEN- AUTOMATION

INDUSTRIAL BRADLEY BRADLEY BRADLEY SYSTEMS
SYSTEMS INC.

(1) Mode l() Mason Piece a. PLC-IS PLC.23 a. PLC-lO S300
20011 b. PLC-8S b. PLC-3

1. Capabilities
(2) No. dicrete We In basic unit 10 1024 (a), 1920 (b) 1792 409 (a), 6192 (b) 1024

(3) Expandable to 3000 8192 (a)

(4) No. analog Inputs poe. 1300 912 (a), 1024 (b) 896 2048 (a), 4096 (b) 512

(5) No. analog outputs poss. 1000 256 (a), 512 (b) 448 1024 (a), 2048 (b) 512

(6) Pl control Yes Yes Yes Yes yes

(7) TTL true on (1); true off (0); 1,0 1,0 1,0
selectable (1,0)

(8) Max. no. of remote UO racka 64 6 (a), 14 (b) 14 125 7

(9) Max. distance for remotes 6000 ft 10,000 ft 10,000 It 10,000 ft

(10) Remote communication rate 2 Mfaud 57.6 klaud 115.2 kBaud 115.2 kBaud

(11) High speed counter module, 100 kHz SO kHz 5o kHz 50 klIz 100 kHz

max. rate

(12) Special-purpose modules: Posidonng, FID, Basic, PID, Basic, PiD, Basic, Resolver
Basic, motion cont., motion canL, motion cont., converter
IEEE 802.3 1/0 logic coaL, 110 logic coant., IO logic cont.,
EtheMet RTD & tic input, RTD & t/c input, RTD & t/c Input,

contect output contat output ambit -

1U. CPU & Memory Features
(131 Available no. of relays 14k (a), 21k (b) 16k 128k (a, 200k (b) 000

Available no. of timers 4600 (a), 7000 (b) 488 10,000 1000
Available no. of counters 4600 (a), 700 (b) 488 10,00 1000

(10 Approx. ,an tm per k User definod 2ms 5--- 2.5me IeMO

OS) Total menu" 4 M 14k (a), 21k (b) 16k 128k (a), 106-792k
2O0k lb)

(16) App3iction memory $M 141k (a), 21k (b) 16k 1M a), 64k
2000k (b)

(17) Math capabilities Math, trig Math Math Math Math, trig

(18) Enlhaed liD, ratio, File, aq., File, seq., File, flfo Arrays,
pulse, pm, romp, bit shift, fito bit shift, Oifo load/ulnd, bit logic
.poRt, fltMe, load/unload, lID, load/uload, PID, shift, file dusg.,
fuac. 8m. file diag., file diag, boolesn logic

______________ Deams.logic Boolean logic ________

(19) Internal diagnostic features Memory, Power-up, Power-up, Power-up, CPU. memory,
hardware, run-time run-time nan-time program, battcry
prograss checks__ _ __ _ _ _ _

l. Programming &Itf
(20) Force O? Yes Yes Yes Yes No

(21) Higher level langu~) - Function Block Basic, Seq. Basic Basic C, PIJM
Function Chart

(22) Nes. & t"pas of eW poert 8a822 1 R232/423 I1523V423 a8RS232 1.12
1 RS232/42423 1 R3232/422/42.3

(23) Configarable I/0 mapping Yes Yes Yes Yes Yes

(24) Programming b. hadheld (HH); 141", VAX PC PC, CIT PC, CRT PC. Apple U
IM PC or camp. (PC); spcia

CIT unit (CRTI): others (led)
(25) Program loading by- tape loader FO FD, EEPROM TL, FD TL, FD FD

(T.); floppy disk (FD);
others (listed)

(26) Hard copy documenetion: Complete graphic FL, LD FL, LD FL, ID LD
pm listing (PU; ladder block
digram (ID); i/O wiuing (1V0);
oshma (lested)_ _

IV. Ratings

CICLE '1 331M 3W4 338

75



L." E Programmable Controllers - 1024 or More I/O (Continued)

IKI . GRtiu 3FANUC GE FANUC GEC- ! ., ... C.ONT"O " DYNAMIcs Au'rOMATON
C,. SALES PROJECTS

(1) Modells) a. NMFC03 CDI-LAD-FUL Series Five a. Series Six Plus GEMSI#140
b. NMFP02 b. Series Six Plu&I!

L. V0 Capabilties
(2) No. discretellOsltoaslc unit ______ 26 so 2048

(3) Expandable to 10,000 1152 102312048 4000 (a), 6000 (b)

(4) NO. analos inputs pow 10000 512 992 128

(5) No. analog outputs poss. 10,000 4-1 4 128 92 128

(6) FID control Yes '~I Z ZY" yes Yes

(7) TTL true on (1); true off (0); 1.0 1
selectable (1,0)

(6) Max. no. of remote I/O racks 1024 256 7 128 32

(9) Max. distance for remotes 10,000 ft 5060 ft 7500 ft 10,000 ft 10,000 ft

(10) Remote communication rate M sud 9S 609 Baud,. 1 kBaud 57.6 klaud 180 kgaud

(11) High speed counter module, 50 kHz 50 kHz 50 kHz 20 kHz
max. rate

(12) Special-purpose modfule. j Smart field *. RTD te -- Genius I/0, Genius 1/0, LCD outputs,
" e itf,, ASCI/lanic, ASCII/Basic. thumbwheel,

"- ** ~;aiplha-num display.
~ t/c & RTDwt- 4' "',"- .-:.____.__i,_ __'_

1I. CPU & Memory Features
(13) Available no. of relays 10,000 60 Config . to Config. to 16k 384k

Available no. of timers total 120 4k/16k 24k
Available no. of counters 100 24k

(14) Apprse scan time pe1k 14(sW, I n. s : ; 1 aw I' mei' lm(a), 0.8 ms W 1.23 ms

(15) Total memory 848k (a), 1384k (b) 1 M SkU32k 48k (a), 80k (b 112k

(16) Application memary -A' -IM 432k (a), Ila

(17) Math capabilities Math, trig, Math, compare Ibl. prec. math Fl point, Math, logic
reg., matrix expanded time ref

(18) Enhanced instrtion featre - Yelf.4msFAA,.¢ ' i- ydyes Closed loop
.1 - BasBCurrop drums, Acont., Signal

data hasbflng,. )umris W. proc.. data
For.n (b), , , . move

(19) Internal diagnostic features Memory, CPU, WDT, WDT, low Full system
110, commun. low battery, battery, dynamic monitoring with

parity checksum fault shutdown

Ml. Programming & Interfaing - - . - . .
(2 Force ? Ye yes yes T, Ye Yes

(21) Higher level lanasges)- Basic, C, Basic using Basic Enhanced

Fortran (b) ASCII/Basic Relay Logic

(2)Ns.&typesofudinW"0 2 (A),1I(b) RS=3 2 RS232o ~ IME RSl22422 256 RS232/422 2
3S1W1S22/40

(23) Configurable /O m&ping Yes Yes Yes Yes Yes

CA) Prpsayming by: hoaudhd W ; H, PC PC PC, PC. PC, System

IBM PC or Comp. WO; spec-a.l - Workmuetr Weskmast plorammer
CRT unit (CIT); others flist _ _, , _ _'___ __"

(23) Program loading brT tape loader FD, handheld FD fL. ID TL, FD TL. FD

('l); floppy disk (FD);
others (listed)

(26) Hard copy docummtson: Fl LD,U VOl LD LD, nicknames, LD, nicknames, PL, LD,

program isti (WU; ladder ambmts comment ments text

diagram (LD); I/O wiring (I/O);
others (liste)_______________

IV. Ratings CSA, UL UL UL, UL, CSA
CSA pending

CIRCLE NUMBER 336 337 338 33 340
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See also it:. :nder Micro, Small. an- .,um PLCs
for mode., that ca). be expanded into tazs range.

GIC MM1UM"I MIODICO. ~i I 4DULANM6
AUTOMATION ELETRIC N" l "•

GEMa.WOO a. AXU a. 984A PC20
b. Sf0 b.A3HCPU b. 9641
c. W163

4094 (ab), $192 (c) 24

8192 a,b) 2D48 204 (a),. 16.384(bI 2000

312 312 1900 (a), 2008(b) 123

512 128 1900 (a), 2048 (b) 128

Yes Yes Yes Yes
I I I

64 64 32 6
10,000 ft 10 km 15.000 ft 2000 m
130 klaud 1.25 Mand 1.3 Maud 400 kBaud

25kHz so kHIchan., 50 kHz 40 kkz
2 chan._

Video raphics, oio COO., CAD mutor, Copoc.',, oop,.
MAP, STARNET, Dask, ASCII. PID, ASCMJ COat., gPVL
eIL VO, M upi, - Basic a.m

Pal"ebalm Paal" LlF atmn..
counterfiber"- . :

optic/f -

tic & ,T others

512k 3k 2048 SW
32k 256 1920 (a), 9999 (b)
32k 256 1920 (a), 9999(b) ________

1.25 L25 a), 0.2 (b)us .753m loe g .

512k 2 x 3ok ep 34k W, 131 (b) 16k

s12k yes 37kW,61k(b) 14k '. ....

Math. logic 4MS BCD, Dbl. it math math
1/32 bit SIN

sipl vP-, compaw ., q..Ise . ',- i MFs.o. IO0-,
dosed lo cat., seq., @M.th - WcktWoobrisb *kp

data move, ASC I., tudhs himbt
Printer 1/f loo(6 b

Full system 256 dia. relays, Parity, mmory, Watchdog
monitoring with 256 dag. reg. reg. checkum,.
fault shutdown Power Supply

Ye Y4 Ye Ye,
Enhanced Aaembler. SFC, IL,
Relay Logic Bauic FRD, LD

4 3S . 321S25- , usm ,

Yes Yes Yes Yes
PC, System H, MC PC, CRT -L PC' "ZV.
proCme Ci, os Cenad VDU

TL., F TL, FD TL, FD FD

M' LD.ta nt,.. LD. Xl,,. . t1.4 ..JU D

11., CSA

341 3"
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LARGE Pr-C.rammable Controllers - 1024 or More I/O (Continued)

CompanyOMRON OMRON RELIANCE RELIANCE SAAB AuTO-
ELECTRONICS ELECTRONICS ELECTRIC ELECTRIC MATION-EVERTr

CHARLES

1) IModel(s) CIOH CliI00H AutoMate 40 a. AutoMax a. PCC9600
b. DCS 500 b. PCC9630

L 1/0 Capabilities
(2) No. discrete VOs in basic unit 1024 2048 192 (a), 128 (b)

(3) Expandable to 2048 2048 8092 12k + 2048

(4) No. analog inputs pose. 12 128 2048 Q + 256

(S) No. analog outputs poe. 128 128 2048 4k + 64

(6) P control yes Yes Yes Yes No (a), Yes fbi

(7) TTL true on (1); true off (0); 1,0 1'0 1,0 0 1,0
selectable (1,01

(8) Max. no. of remote 1/O racks 64 64 32 346 250

(9) Max. distance for remotus Unlimited Unlimited 6000 ft 6000 ft 2950 ft

(10) Remote communication rate 187.5 kBaud 187.5 kBaud S00 kBaud 1.75 MBaud 375 kBaud

(11) HIgh speed counter module, 50 kHz So kHz 100 kHz 100 kHz

max. rate

(12) Special-purpose modules: Commun., PID, Commu., ID, 5-hanne! 2-axia servo, Pulse encoder
position cont., position cont., counter, pulsetach, i/f, servo
ASCII/Basdc, ASCnHBasic, RTD & t/€ resolver, CORt

intrupt interrupt RTD & ttc

II. CPU & Memory Features
(13) Available no. of relays 6135 5111 Yes Yes 3000

Available no. of tiners 512 512 6000

Available no. of counters 512 512 Unlimited

(14) Appro. san time per 1k m 0.4.m5 0.4 ma 0.8 ma User defined 0.5-1.0 ma

(15) Total memory 12-,6k wds l2 to 3k wds 104k 256k I M

(1) Applation memory 9-33k wds I to 32k wds 104k 160k 200k

(17) Math capabilities Math, fi point Math, f point Math, compare Advanced Math

+, 4,8 dilit, +, 4/8 digit, trig

BCD/Sin cony. BCD/Bn cony.

(16) Enhanced hastruction features ExtasTve Extensive Moms, drum, Real-time o.s., Extensive
GOTO, logic moldtlin,
Inerrupte, symbolic

(19) Intera diagnostic features Extensive Extensive Extensive Extensive Yes

M. Progrmming & Interfacing
(20) Force l/O? Ye" Yes Yes Yes Yes

(21) Higher level languages) Ladder, Yes
Control Blocks,
Enhanced Basic

(22) Noa. & types o W sria pa 31RS 2 (a) or I (b) 4(a)or
per module RS232C per 5 b) S232C

/ module

(23) Configurable /O applng Yes Yes Yes Yes Yes

(4 Programming by haadheld MW0; H, PC, C T NH, PC, CRT PC PC NH, PC,

IBM PC or comp. (PC) $pa CRT (b)

CRT soft (CIT); others (led D

(25) Program loading by. tape loader TL, FD T, ID FD FD

(TL); floppy disk (FD);
others (listed)

(26) Hard cM docummtatiu IFL, LD FL, ILD L, LID, 1/O PL, ID, I/O PL, I/O

prrm lstin (MU.); ladder
diagram (LD); I/O wring (1/0):
others (listed)

IV. Ratings UL, CSA UL, CSA

CICLE NUMUER 3 34 47 340 349
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See also item 3 ur,: .- ,cro, Small, and Medium PLCs for models that can be expanded into this range

sIEMENS SIEMMS SQUARE D TEXAS WESTINGHOUSE WESTINGHOUSE WIZDOM
ENERGY & ENERGY & INSTRUMENTS SYSTEMS
AUTOMATION AUTOMATION

S5-135U/921 a. SS-13SU/R a. SY/MAX 600 a. TI560 a. HPPC-1500 MAC-4500 a. 86L-PC
b. S5-13SU/S b. SY/MAX 700 b. T1565 b. HPPC-1700 b. 86L-LC
c. SS-150U C. 86L-CO

8192 6192 1024 2048

6144 8192 8000 (a), 14,00 (b) 8192

8,16 8,16 16 8192 512 512 in

4,8 4, 8 4 8192 512 512 128

Yes Yes Yes No (a), Yes (b) Yes Yes No
1,0 1 1,0 1,0 10

63 63 112 128 32 ________ 25
10,000 ft 10,000 ft 15,000 ft 15,000 ft 10,000 ft 10,000 ft 500 ft
187 kBaud 187 kBaud 31.25 kBaud I MBaud 825 kBaud 825 klaud 307 kBaud

2000 kH 2000 kHz 100 kHz 50 kHz 50 kHz SaX card

High-speed analog, 20 ME hard disk Stepper, ASCII, Basic, Faic. per.- ASCII/Uasic, Bas code,
dt1--sed-loop cont., high-speed analo, BCD i/O, high-speed pulse, ASCIIJModbwai RTD & t/c scanner,
20M hard disk, closed loop coat., data loager servo, RTD & tic, 1100 1LAN; motion cont.
valve coot., valve cont, rapid response, ASC4Iadc,
podtioning, others positionin, others othes lTD & t/c

4096 8192 14,000 8192 8k
512 512 (a,b), 256 (dJ 40 (a). 8000 (b) 21,000 Memory dep. 4k
512 512 (a,b), 256 (c) 4000 (a), 8B=i (b) 21,000 Memory dep. 4k

1.1 Ms 20(a), 1.3(b), 2.3ch 2.4 (a), 1.3 (b) ma 2.2 uuIRLL I 1s 1.2 ms 3-5 ma
92k 256k (a,b), 16132k (a), 512k 16-224k 288k 32k

96k (c) 8(16132/4k (hi

92k 256k (a,b), 16132k (a), 384k
3S2k (ci &16i32/64k (b)

FI point Fl point Math, fl pt Math, trig, DbI. pre. math F point 3 dig.;
fl point 4 dig. for

get/put
Loop ~c nMD, seq. (a), Indexed & scanned Matrix, table, Couplete Online doc.,
flag data block ASCII Input (a) RLL, ubmutines, UDSF o coat. 12-dit math,
saving, dbl wds atrix compem, algodith-s transient on/off
add with subtract others

I diagnostic Op system, 48-bit Extensive-CPU, Checksum.
LEDs RAMIROM. fault table 110 initial diag.,

watchdog othe doc. (online)

Yes Yes Yes Yes Yes Yes Yes
statement statem t Basic in Specia Function C, Basic
List List data loger Proamming (a),

APT (a), SFC (a),
CFC (a)

2 W or 4 (b) RS422 1 RS232 (a,b), To 33 RS232 To 33 RS232
I RS422 (a),
1 ASCII - only (b,)_

Yes Yes Yes Yes Yes Yes Yes
H-, PC, CRT HH, PC. CRT HH, PC, CRT PC, CIrT PC PC, PC,

other DEC, TI WDFF console dumb teem.

LFD PD ID FD PD, hard disk

LD, Full featured PL, lid PL, LD PM, ID, i/O,
annotation (a) xref

UL, CSA UL, CSA, FM UL, CSA, FM UL
Class , Div. 2 3%

330 351 352 353 354 35535



Prog.,mflng Documenaton

C

circle Cope1

208 Action Instruments AICS-PLC 11 (Modcorn) KF • -

209 AICS-PLC 10 (AB) KF • • -

210 Adatek. Inc. OMAX • K

211 System-10 K

212 Datablend Corp. LadderDoctor KM 3

213 LadderDoctor Professiornal • KFM 3

214 Digital Machine Control DMC-7 KFM * 5

215 DMC-8 KFM , 5

216 Entertron Industries, Inc. SK1600 K • * 64

217 SK1800 K 64

218 Gray-Soft, Inc. Comms * F • 20

219 Honeywe IPC PLC orJe: ,- KF ,0 -

220 ICOM. Inc. PLC Ladder Logistics KF

221 SLC Ladder Logistics KF

222 Industrial Software. Inc. LD-808 • 3

223 Process & Inst Design. Inc. ProDoc for AB KM • 5

224 ProDoc for Gould • KM * • 5

225 Proceas Control Consultarft PC/EXEC FM

226 RDY Automation. Inc. PC Dc

227 Square D Comfpany SYM-322 • KF

228 Straightforward HP41E • KFM * * * 161,

229 Taylor Industrial Software Taylor Docatenttlon 4

230 Taylor Progrmmng • KFM

231 Tele-Denken Resources TOPDOC (AB PLC-2) - M 641

232 TOPDOC (PLC-3) M 64,

233 TOPDOC (PLC-5) - M "4

2U Texas Instrumeft TISOFT I( ) • • F - - 16

235 TISOFT I (560566) • • F - • 16
236 Westinghouse Electric NLSW • • KF - 8

237 Xcei Conuls.nc. UP/DOC • KM -•' 50

54 Programmable Controls September/October 1967

(Source: C. Robinson, "Programmable Area Displays: Getting the Message Out," Programmable Controls, vol. 8, No. 7 (1989),
pp. 19-22.)
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Oocut*ntotiom Feature. Configuration Requanwft Price

d I L?

. 140
- -"-"-256 720 - DOS2.0+ 1984 $2200

I M 0 72M DOS2.0. 1984 $2200

. . . 128 360 MS-DOS 1987 $945

. . . 128 360 MS-DOS 1985 $1100

S " 192 720 10 DOS2.0+ 1981 $695

S * - . ... 512 720 10 DOS 2.0+ 1987 $995

1 " 256 360 DOS 7/86 $4000

1256 360 DOS 9/86 $1500

.*... MS-DOS * 1979 $450

.... MS-DOS • 1986 $595

.. . . . 512 DOS2.1+ 1986

1.256 360 DOS 1986 $2500

• • 640 360 DOS 1985 $1600

. . . . .512 360 DOS 1986 $500

• • 256 360 DOS 1986 $2000

. . . .. 512 360 20 DOS 2.1+

1 512 360 20 DOS 2.1+

.. . ..... 640360 10 MS-DOS 1985 $5000

256 360 DOS 1985 $700

.. . .. 165 360 DOS 1986 $1500

128 360 DOS 1985 $115

1.256 360 DOS 1963 $1250

.--. 512 360 DOS 1963 $2500

. .. .640 10 0S 1985 $2000

1 640 10 DOS 1986 $5000

S. . - - • • - •640 10 DOS 1987-

- . . • • •512 360 10 MS-DOS 1986 $2347

.. .1.512 360 10 1 MS-DOS 1986 $3289

.. . . 512 360 DOS 1986 $2448

.... . 384 360 DOS 11/2 $2890

Programmable Controls September/October 1987
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APPENDIX B: PLC/PC Software Vendors

Prospective Products

1. UP/DOC'C Software
XCEL Controls Inc.
Mishawaka, IN 46544 (219/259-7804)

2. P-CIM Software
AFCON Control and Automation Inc.
Schaumburg, IL 60173 (312/490-9900)

3. Contact individual PLC vendors for machine-specific software options

Further Information

See: K.E. Ball. "Software Update," Programmable Controls, vol. 6, No. 9 (1989), pp. 53-56.
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APPENDIX C: PLC Accessory Hardware Vendors

1. Cherry Alphanumeric Displays
Cherry Electrical Products
Waukegan, IL 60087 (312/360-3500)

2. IEE Alphanumeric Displays
Industrial Electronic Engineers, Inc.
Van Nuys, CA 91409-9234 (818/787-0311)

3. DeeCO Displays
Digital Electronics Corp.
Hayward, CA 94540-9921 (415/471-4700)

4. Panelogic Inc.
Huntsville, AL 35801 (205/880-0432)
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APPENDIX D: PLC Operator Interface Hardware

Prospective Vendors

1. Nematron Workstations
Interface Systems Company
Ann Arbor, MI 48106 (313/99-0501)

2. Metra Workstations
Metra Instruments, Inc.
San Jose, CA 95131 (408/432-1110)

3. Ziatech Workstations
Ziatech Corp.
San Luis Obispo, CA 93401 (805/541-0488)

4. OmniVU Workstations
XYCOM Inc.
Saline, MI 48176 (313/429-4971)

5. IPT-100 Interfaces
Automation Systems, Inc.
Eldridge, 10 52748 (319/285-9000)

6. Panelogic Inc.
Huntsville, AL 35801 (205/880-0432)

Further Information

See: C. Robinson, "Programmable Area Displays: Geting the Message Out," Programmable Controls, vol. 8, No. 7

(1989), pp. 19-22.
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APPENDIX E: On-Line Instrumentation Specifics

On-line instrumentation are of the following fifteen types:

1. Flow - Magnetic Type
2. Flow - Bubbler Type
3. Flow - Capacitance Type
4. Flow - Ultrasonic Type
5. Temperature - Thermocouple
6. Pressure
7. Lower Explosive Limit
8. Dissolved Oxygen
9. pH

10. Conductivity
11. Ion Selective Ammonia Analyzer
12. Suspended Solids/Turbidity
13. Total Organic Carbon
14. Hydrogen Sulfide
15. Oxidation-Reduction Potential.

Each sensor type is more fully described below.

Sensor 1: Flow - Magnetic Type

Operation: Device based on Faraday's Law of Induction, whereby a conductive fluid passing
through an magnetic field generates an electromotive force.

Performance: Accuracy - Approximately 1
Response - Within I to 2 s
Range - Device dependent; magnetic element sizes for I- to 96-in. diameter

pipe sizes (1 in. = 0.0254 in).

Installation: Orientation is not critical; calibration should be facilitated.

Maintenance: Minimal attention beyond periodic (i.e., seasonal) internal cleaning, with calibration on
similar timeframe.

Reliability: Will likely function without major problems for extended periods.

Vendors:

ABB Kent Inc. Brooks Instrument Division
Edison, NJ 08837 Emerson Electric Company
(201/225-1717) Statesboro, GA 30458

(912/764-5471)
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Fisher & Porter Schlumberger Industries
Warminster, PA 18974 Neptune Measurement Division
(800/421-3411) Telford, PA 18969

(800/445-2943)

Foxboro Company Signet (George Fischer) Electronics
Foxboro, MA 02035 Tustin, CA 92680-7285
(617/543-8750) (800/854-4090)

Omega Engineering Inc. TURBO Instrumentation Inc.
Stamford, CN 06907 Orinda, CA
(203/359-1660) (415/253-1170)

Sensor 2: Level - Bubbler Type

Operation: Hydrostatic pressure of gas flow through bubbler tube dependent on liquid depth and
density.

Performance: Accuracy - -1 percent of actual hydrostatic head
Response - 1- to 2-s response time
Range - Limited by pressure gauge and supply air, usually held within range of

zero to 40 ft.

Installation: Rigid bubbler tube should be securely mounted against the wall of the tank in vertical
fashion, with approximately a 3-in. (minimum) gap between tube and bottom of tank.
This tube should be fitted with an automatic or manual compressed air purge system to
expel debris inside the tube. The air supply to the bubbler should be filtered and passed
through a rotameter before entering the differential pressure transmitter and bubbler
tube.

Maintenance: Air purge bubbler tube as needed to avoid clogging. Calibration should also be provided
as needed, at about monthly intervals.

Reliability: Dependehit on the differential pressure transmitter, usually reliable over extended periods
(i.e., several months).

Vendors:
Bindicator Inc. Endress and Hauser Instruments
Port Huron, MI 48061 Greenwood, IN 46143
(313987-2700) (317/535-7138)

Dwyer Instruments Inc. Fluid Products Company, Inc.
Michigan City, IN 46360 Eden Prairie, MN 55344
(219/872-9141) (612/937-2467)
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Kinematics and Controls Corp. Omega Engineering Inc.
Deer Park, NY 117289 Stamford, CN 06907
(516/595-1803) (203/359-1660)

MicroSwitch Division
Honeywell
Dayton, OH 45424
(513/237-4075)

Sensor 3: Level - Capacitance Type

Operation: Capacitance of electrical capacitance sensor rod or cable varies in relation to depth of
submergence in liquid.

Performance: Accuracy - -1 percent of span.
Response - I to 2 s
Range - zero to 60 ft., depending on probe length.

Installation: Liquid must be electrically conductive. Probe composition must be compatible with
liquid. Vertical mounting of the capacitor rod/cable against the reactor wall; electronic
probe head is powered by interconnected power transmitter.

Maintenance: Inspect, clean, and calibrate the rod/cable monthly or as needed.

Reliability; Long-term reliability is usually good. Floating foam may cause inaccurate readings.

Vendors:
Bindicator Inc. Kinematics and Controls Corp.
Port Huron, MI 48601 Deer Park, NY 11729
(313/987-2700) (516/595-1803)

Dwyer Instruments Inc. MicroSwitch Division
Michigan City, IN 46360 Honeywell
(219/872- '1. 11) Dayton, Ohio 45424

(513/237-4075)
Endress & Hauser Instruments
Greenwood, IN 46143 Omega Engineering Inc.
(317/535-7138) Stamford, CN 06907

(203/359-1660)
Fluid Products Company, Inc.
Eden Prairie, MN 55344
(612/937-2467)
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Sensor 4: Level - Ultrasonic Type

Operation: Sonic transmitter generates electrical impulse that reflects back from the liquid-air
interface. Level measurement depends on proportional time-of-travel measurement at
fixed-wave velocity.

Performance: Accuracy - -1 percent of span (depending on temperature correction).
Response - I to 2 s
Range - From zero to 160 ft.

Installation: Direct physical contact with liquid not required. Manufacturer's guidelines should be
followed for minimum separations between transducer and adjacent wall and transducer
and measured liquid.

Maintenance: Inspect, clean, and calibrate the rod/cable monthly or as needed.

Reliability: Long-term reliability is usually good. (Floating foam may cause inaccurate readings.)

Vendors:
Bindicator Inc. Kay-Ray Inc.
Port Huron, MI 48061 Mt. Prospect, IL 60056
(313/987-2700) (312/803-5100)

Dwyer Instruments Inc. Kinematics and Controls Corp.
Michigan City, IN 46360 Deer Park, NY 11729
(219/872-9141) (516/595-1803)

Dynasonic Inc. MicroSwitch Division
Naperville, IL 60540 Honeywell
(312/355-3055) Dayton, Ohio 45424

(513/237-4075)
Endress & Hauser Instruments
Greenwood, IN 46143 Omega Engineering Inc.
(317/535-7138) Stamford, CN 06907

(203/359-1660)
Fluid Products Company, Inc.
Eden Prairie, MN 55344 Ultrasonics Arrays, Inc.
(612/937-2467) Woodinville, WA 98072

(206/481-6611)
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Sensor 5: Temperature - Thermocouple Device

Operation: Dissimilar welded metal junction acting in accordance with Seebeck's principle of
thermoelectricity.

Performance: Accuracy - -1 percent of full range
Response - I s to several minutes, depending on thermocouple design and

construction
Range - Type J: Iron-Constantan -> -20 to 650 °C)

- Type K: Chromel-Alumel -> -20 to 1250 0C)
- Type T: Copper-Constantan -> -160 to 100 0C).

Installation: Recommended thermocouple placement inside a metal thermowell. Thermocouple may
be insulated with ceramic or magnesium coating. Immersion length typically 10 times
thennocouple diameter.

Maintenance: Inspect, clean, and calibrate the thermocouple monthly or as needed.

Reliability: Long-term reliability is usually good. Coating of the thermocouple with foreign material
(e.g., grease, scum, etc.) may degrade sensor responsiveness.

Vendors:
Foxboro Company Signet (George Fischer) Electronics
Foxboro, MA 02035 Tustin, CA 92680-7285
(617/543-8750) (800/854-4090)

Pyromation Inc. Thermo/Cense Inc.
Fort Wayne, IN 46895 Mundelein, IL 60060
(219/484-2580) (312/949-8070)

Sensor 6: Pressure

Operation: Pressure-induced deflection of flexible diaphragm causes electrical change in adjacent
capacitor, strain gauge, or inductor.

Performance: Accuracy - Typically +/- 0.5 percent of span
Response - I to 2 s
Range - Depending on selected sensor, low range usually zero to 0.5 psi

(1 psi = 6.89 kPa).

Installation: Pressure transmitters should be located as close as possible to the measures gas stream.

Maintenance: Inspect, clean, and calibrate the diaphragm monthly or as needed.

Reliability: Long-term reliability is usually good. Clogging or embrittlement of the diaphragm may
degrade sensor responsiveness.
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Vendors:
Dwyer Instruments Inc. Signet (Geo/ge Fischer) Electronics
Michigan City, IN 46360 Tustin, CA 92680-7285
(219/872-9141) (800/854-4090)

Foxboro Company ITI Transducer Technologies Inc.
Foxboro, MA 02035 Pasadena, CA 91107
(617/543-8750) (818/793-4164)

Omega Engineering Inc.
Stamford, CN 06907
(203/359-1660)

Sensor 7: Lower Explosive Limit (LEL)

Operation: Combustible gas streams are thermally oxidized on a sensing element whose electrical
resistance changes in accordance with increased temperature.

Performance: Accuracy - -2 percent of the lower explosive limit
Response - 1 to 2 s
Range - zero to 100 percent of the lower explosive limit.

Installation: Sensor should be situated near zones of concentration for the combustible gas. Heat
tracing of gas transfer lines may be necessary should freezing be possible.

Maintenance: Check gas sampling system weekly. Inspect, clean, and calibrate the sensor (using a
cylinder of a known gas makeup) monthly or as needed.

Reliability: Long-term reliability is usually good. Moisture in the gas stream may degrade sensor

accuracy and long-term reliability.

Vendors:

MSA Research Corp.
P.O. Box 427
Pittsburgh, PA 15230
4121776-8716

Sensor 8: Dissolved Oxygen

Operation: Oxygen passage through a gas-selective membrane causes an electrochemical reaction
oia D.O. electrode.

Performance: Accuracy - -0.05 mg/L
Response - 5 to 10 s
Range - zero to 20 mg/L.

Installation: Oxygen electrode usually mounted vertically at reactor surface with (a I- to 2-ft
submergence on removable, rigid mounting pole.
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Maintenance: Inspect, clean, and calibrate the electrode monthly or as needed.

Reliability: Reported short-term reliability extremely variable. Extreme length of utility without
maintenance appears limited to -30 days for best models. Coating of the electrodes'
membrane with foreign material (e.g., grease, scum, etc.) may degrade sensor
responsiveness.

Vendors:
Foxboro Company Signet (George Fischer) Electronics
Foxboro, MA 02035 Tustin, CA 92680-7285
(617/543-8750) (800/854-4090)

Great Lakes Instruments, Inc. Yellow Springs Instrument Company
Milwaukee, WI 53223 Yellow Springs, OH 45387
(414/355-3601) (800/343-4357)

Sensor 9: pH

Operation: Hydrogen ion passage though permeable glass surface rults in electrochemically
induced potential at electrode.

Performance: Accuracy - +/- 0.1 units
Response - 1 to 5 s
Range - zero to 14.

Installation: pH electrode usually mounted vertically at reactor surface with -I- to 2-ft submergence
on removable, rigid mounting pole. Row-through sensors may also be used on
appropriate liquid sampling lines. Sensor should be isolated from vibration and
electrical interference.

Maintenance: Inspect and clean pH electrode on a weekly or as-needed basis. Calibrate the pH
electrode monthly or as needed using known pH reference solution. Replace electrode
biennially or as needed.

Reliability: Short-term reliability is usually good. Coating of the electrode with foreign material
(e.g., grease, scum, etc.) may degrade pH sensor responsiveness.

Vendors:
Foxboro Company Omega Engineering Inc.
Foxboro, MA 02035 Stamford, CN 06907
(617/543-8750) (203/359-1660)

Great Lakes Instruments, Inc. Signet (George Fischer) Electronics
Milwaukee, WI 53223 Tustin, CA 92680-7285
(414/355-3601) (800/854-4090)
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Sensor 10: Conductivity

Operation: Electrical conductance between two fixed poles is measured using a Wheatstone bridge
irrangement.

Performance: Accuracy +1- 5 units (mhos)
Response - Ito 5 s
Range - 0 to 2000 (higher ranges available).

Installation: Conductivity electrodes are usually mounted vertically at reactor surface with -I- to 2-ft
submergence on removable, rigid mounting pole. Flow-through sensors may also be
used on appropriate liquid sampling lines. Sensor should be isolated from vibration and
electrical interference.

Maintenance: Ins;pect and clean conductivity electrodes weekly or as needed. Calibrate the
conductivity electrode monthly or as needed using known salt reference solution.
Replace electrode biennially or as needed.

Reliability: Short-term reliability is usually good. Coating of the electrode with foreign material
(e.g., grease, scum, etc.) may degrade sensor responsiveness.

Vendors:
Foxboro Company Omega Engineering Inc.
Foxboro, MA 02035 Stamford, CN 06907
(617/543-8750) (203/359-1660)

Great Lakes Instruments, Inc. Signet (George Fischer) Electronics
Milwaukee, WI 53223 Tustin, CA 92680-7285
(414/355-3601) (800/854-4090)

Sensor I1: Ion Selective Ammonia Analyzer

Operation: Electrochemical response to free ammonia passing through gas permeable membrane
induces electrical signal at electrode.

Performance: Accuracy - -10 percent of the actual NH 3 concentration.
Response - Several minutes lag for NH 3 concentration change.
Range - (1) zero to 3 mg N/L, (2) 1 to 50 mg N/L

Installation: Free ammonia sensor placed on prefiltered sample sidestrean which has been dosed
with NaOH to raise sample pH above 12. Utility generally limited to clean samples.

Maintenance: Inspect and clean the sensor daily or as needed. Check instrument reagents daily and
refill as necessary. Check the sample filtration system weekly or as needed and correct
performance. Calibrate the sensor weekly or as needed.

Reliability: Short-term reliability, beyond 1 week without extreme operator care is not advised.
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Vendors:
Orion Research Company
Boston, MA 02129
(617/242-3900)

Sensor 12: Suspended Solids/Turbidity

Operation: Scattering of light beam by suspended solids, as quantified by in-line photodetector.

Performance: Accuracy - +/-2 percent of full-scale
Response - 2 to 5 s
Range - zero to 30,000 mg/L.

Installation: Submerged sensors should be mounted more than 1 ft below liquid surface, and at a 15-
degree slope from vertical to obviate collection of air/gas bubbles on the sensor face.

Maintenance: Inspect and clean sensor weekly. Correlate sensor reading against laboratory data
weekly. Calibrate the sensor monthly or as needed.

Reliability: Short-term reliability is questionable. Coating of the sensor with foreign material (e.g.,
grease, scum, etc.) may degrade sensor responsiveness. NOTE: Some vendors offer
self-cleaning sensors that employ physical wipers, ultrasonic cleaners, etc.

Vendors:
BTG Inc. Royce Instrument Corp.
Naperville, IL 60540-1689 (Blanket solids detector)
(312/355-6699) New Orleans, LA 70129

(800/347-3505)
Bonnier Technology Group
Decatur, GA 35035
(404)981-3998)
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Sensor 13: Total Organic Carbon

Operation: Oxidized (i.e., using catalyzed thermal reaction, etc.) sample stream releases carbon
dioxide which then is quantified using infra-red or flame ionization detector.

Performance: Accuracy - +/-5 percent of full-scale
Response - 5 to 60 min
Range - zero to 5,000 mg TOC/L.

Installation: Unit purchased as complete system from vendor. Provisions must be made for electrical
power and sample input/output.

Maintenance: Daily calibration generally required. Weekly cleanup of clean (i.e., filtered) sample
input system.

Reliability: Short-term reliability is extremely questionable. Beneficial instrument utility may be
limited to periods of days.

Vendors:
Astro International Corporation Ionic Inc.
League City, TX 77573 Watertown, MA 02172
(713/332-2484) (617/926-2500)

Sensor 14: Hydrogen Sulfide

Operation: Electrochemical reaction on sensor surface that creates clectrical output proportionate
to H2S contaminant level.

Performance: Accuracy - +/- 1 ppm
Response - I to 5 s
Range - ppm to percent levels.

Installation: Atmospheric sensor provided with continuous flow-through ambient gas stream and
should be isolated from vibration and electrical interference.

Maintenance: Inspect and clean sensor weekly or as needed. Calibrate the sensor weekly or as needed
using known H2S reference gas. Replace sensor as necessary.

Reliability: Short-term reliability is usually good. Corrosion or fouling of sensor surface may
impede performance.

Vendors:
GasTech Inc. Mine Safety Appliance Company
Newark, CA 94560 Pittsburgh, PA 15208
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MTS Systems Corp. TAC
Sensors Division Houston, TX 77120
Research Triangle Park, NC 27709 (713/240-4160)
(919/677-0100)

Sensor 15: Oxidation - Reduction Potential

Operation: Electrochemical redox on platinum electrode surface measured in comparison with
standard calomel electrode potential.

Performance: Accuracy - +/- 0.1 mv
Fesponse - I to 5 s
Range - -- 700 to +700 mv.

Installation: Redox electrode usually mounted vertically at reactor surface with -1- to 2-ft
submergence on removable, rigid mounting pole. Flow-through sensors may also be
used on appropriate liquid sampling lines. Sensor should be isolated from vibration and
electrical interference.

Maintenance: Inspect and clean redox electrode weekly or as needed. Calibrate the redox electrode
monthly or as needed using known redox (i.e., Zobell's) reference solution. Replace
electrode biennially or as needed.

Reliability: Short-term reliability is usually good. Coating of the electrode with foreign material
(e.g., grease, scum, etc.) may degrade redox sensor responsiveness.

Vendors:
Foxboro Company Omega Engineering Inc.
Foxboro, MA 02035 Stamford, CN 06907
(616-543-8750) (203/359-1660)

Great Lakes Instruments, Inc. Signet (George Fischer) Electronics
Milwaukee, WI 53223 Tustin, CA 92680-7285
(414/355-3601) (800/854-4090)

95



LIST OF ABBREVIATIONS

AC Alternating Current

A/D Analog to Digital

Al Artificial Intelligence

ASCE American Society of Civil Engincz.-z

ASCII American Standard Code for Information Interchange

USACERL U.S. Army Construction Engineering Research Laboratory

CONUS Continental United States

CPU Central Processing Unit

CRT Cathode-Ray Terminal

DC Direct Current

DOS Disk Operating System

HVAC Heating, Ventilation, and Air Conditioning

MGD Millions of Gallons per Day

O&M Operations and Maintenance

ORP Oxygen Reduction Potential

PC Personal Computer

PLC Programmable Logic Controller

RDT Remote Data Transmitter

RPM Revolutions per Minute

SBR Sequencing Batch Reactor

TIL Transistor-Transistor Logic

VAC Volts AC

VDC Volts DC

WWTP Wastewater Treatment Plant
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